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INTRODUCTION 



Problem 

One of the most relevant theories for curriculum 
development has been proposed by Jean Plaget, a Swiss 
developmental psychologists who has recently gained prom- 
inence in the United States « According to Piaget, all 
children advance through certain stages of intellectual 
development, in unchanging order, from lowest to highest. 
Plaget's stages of intellectual development. are generally 
divided into four broad periods as follows: 

1* The period of sensorv^motor intelligence (0-2 
yearsTI One of the most interesting, as well as 
important, occurrences during this pre-verbal 
period is the development of object permanence. 
That is, the infant at first acts as if objects 
no longer exist when they disappear from his 
sight, but later looks for them even when they 
are hidden from view. Moreover ^ along with the 
development of object permanence, the notions of 
sensory<»motor space, time sequence^ and sensory** 
motor causality also develop. I>Jring this period 
and its six major stages and substages, the child 
Interacts with the environment and acquires a 
sensory-^motor understanding of the world. 

2. The period Qg pre^operational intelliaence (2-7 
yearsTT During this period, the beginning of 
language and symbolic representation occur. That 
is, the child is able to use a symbol or sign to 
represent an object which may not be present. 
His thinking, however, is egocentric in that he 
sees things from only one point of view. There 
is, moreover, a lack of operations (interiorized 
actions, such as ordering, classifying, counting, 
measuring, adding, etc., on objects}. Further- 
more, the child exhibits an inability to mentally 
reverse an action and tends to center on only one 
quality of an object, thereby ignoring all othei: 
aspects. For example, when liquid in a particular 
container is poured into a different-shaped cont- 
ainer, the child is incapable of mentally revers- 
ing the pouring action to its original state. In 
addition, he tends to center on only one quality 
such as height of liquid in the container, rather 
than both height and width. Consequently, there 



Only a brief description is presented here. For more 
detailed descriptions see Plavell, 1963, or Furth, 1969. 



is a lack o£ conservation (knowledge that quantity 
is Invariant, no matter how one changes its shape 
perceptually, unless one adds or takes away some 
amount). According to Piaget (1952), conservation 
Is important for all rational activity* including 
arithmetic thought. Therefore, it follows that 
until a child is able to conserve and perform 
operations such as ordering and classifying, ic is 
futile to teach him mathematics. 

3. The peri od of concrete operations (7-11 years) . 
During this period, the child's conceptual organize* 
atlon of the world appears to cake on its firat 
real stability and order. Although his thought 
structure is still tied to the concrete world, it 
loses its egocentrism and is characterized by 
flexibility. The child is able to mentally reverse 
(go back to the beginning of an action) and de- 
center (pay attention to more than one quality 
simultaneously). Therefore, the chi3d is able to 
conserve quantity. Moreover, he is able to perform 
operations such as ordering and classifying* Con- 
sequently# it is assumed that during this period, 

it would be fruitful to teach the chiJd mathematics* 

4. The period of formal operations (11 years and above) . 
In this period, the adolescent's thought becomes 
more flexible. He now is able to deal not only with 
concrete problems of reasoning but also with hypo-- 
thetical ones. The roost important characteristic of 
this period is the ability to deal with possibility 
as well as with reality. In other words, he now 
shows reasonin<^ on hypotheses, rather than merely on 
objects; the adolescent forms hypotheses which he 
can test by subsequent investigation in a systematic 
fashion. 

Each individual, according to Piaget 's theory, transverses 
through the above periods from birth to adulthood. The order of 
the periods does not change, although there are individual 
differences in rate of development. Moreover, not all indiv- 
iduals reach the later periods of development. The findings 
of Inhelder (1968) show that retardates go through the same 
order but they tend to fixate at a certain period, depending 
upon the extent of retardation. For example^ the moderately 
retarded individual appears unable to go beyond preoperat- 
ional thought^ whereas, the mildly retarded one appears unable 
to progress beyond the period of concrete operations* This 
project will concentrate only on the periods of preoperational 
thought and concrete operations. 

Piaget 's theory is an ideal one to use for reitiedlal 
purpose since an invariant order of stages in Intellectual 



functioning is postulated for all individuals whether normal 
or not. This means that stage one must appear in every 
child before stage two can occur; stage two then can be said 
to be <f^pendent upon the occurence of stage one. The fact 
that the stages are invariant in order means that one can 
compere the extent of the retardates' development in cogn- 
itive areas with that of normal children, thereby estimating 
the amount and nature of the deficit. Moreover, the invar- 
iant order of the stages also implies the course of remedi- 
ation, i.e., guiding the child through the stages by means 
of training tasks specifically designed to develop the 
abilit;.es characteristic of the next higher stage. For 
example, if a retarded child has fixated at the period of 
preoperational thought, it may be possible through training 
to enable the child to function at the level of concrete 
thought. 

Although Piaget has not explained the reason for fix- 
ation at certain periods, he has been concerned witii the 
mechanisms of transmission from one period to another 
(Piaget, 1964) . He postulates these mechanisms to be 
maturation, esqperience, social transmission, and equilibr- 
ium. Maturation is defined as an interior change of the 
nervous system. Piaget distinguishes experience from social 
transmission by defining the former as the child's acquiring 
knowledge about the world through his actions upon physical 
objects and the latter as the child's receiving information 
through language or education, piaget views the fourth 
factor, equilibrium, as the fundamental mechanism of trans- 
mission. Equilibrium may be thought of as active coRf>ens- 
ation %fhich leads to a balance between assimilation (alter- 
ing reality so that it will meaningfully fit into one's 
cognitive structure) and accommodation (modifying one's 
cognitive structures in order to fit reality) . Berlyne 
(1960) has been able to explain equilibrium by means of 
internal reinforcements in learning. These reinforcements 
enable one to eliminate contradict ions, incompatiblles, and 
conflicts. 

As a consequence, the factors influencing transmission 
between periods appear to form an interaction between matur- 
ation and learning, and the last three factors may be sub- 
sumed under learning. Therefore, training should be of 
signifi^^ant value if it encompasses the latter three factors— 
that is, interaction with objects, teaching or programming, 
and the inducement o€ conflicts whose resolutions are intern- 
ally reinforcing. The present research project has attempted 
to incorporate these factors in an Intervention program to 
facilitate number readiness Ir retardates. 

Related Research 

Since Piaget and his colleagues have written niunerous 

3 
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books and articles about their work and many researchers have 
endeavored to replicate and extend their findings. It Is 
possible to mention only a fraction of these studies. 

It is now generally accepted that Piaget's description 
of invariant periods through which children progress is 
essentially valid. Humerous studies (see Flavell, 1963, p. 
379-398 for a general sumnary and Slgel & Hooper, 1968, lor 
selected articles on r^llcation) have generally found that 
the order of the periods generally holds, although the ages 
nay not be the sane and some stages or substages nay be 
reversed. Moreover, evidence from Woodward (1959), Lovell & 
Slater (I960), Steams & Borkowskl (1969), as well as 
Inhelder's (1968) extensive thesis mentioned previously. 
Indicate that retardates also pass through the same periods 
as normal children, although they nay not reach the higher 
levels. 

Conservation has been emphasized In the present project 
since Piaget (1952), in his book on the child's conception 
of numbers, has assigned it a central role in all rational 
thinking, including arithmetic reasoning. Aside fron any 
relationship to practical activity, however, the lack of 
conservation appeared to be a curious phencMoenon and resear> 
chers have studied its parameters with relish (see Flavell, 
1963, and Slgel & Hoq;>er, 1968, for overviews; and among 
others« Goldschmid, 1967; Blttner & Shinedling, 1968; 
Halford, 1968, 1969; Hall & Kingsley, 1968; Saltz & Hamilton, 
1968; Sawada & Nelson, 1968; Gottfried, 1969; Hooper, 1969; 
Marray & Johnson, 1969; Nummedal & Murray, 1969; Achenbach, 
1969; Pord, 1970) . Moreover, probably because of its iB«>lied 
practical application in education, researchers have attempt- 
ed to accelerate conservation by a variety of training 
methods. The results of early studies were quite discourag- 
ing since they did not suf^rt the notion that training 
facilitates conservation (Wohlwlll & Lowe, 1962; Smedslund, 
1961a, 1961b, 1961c) . The results of more recent studies 
(see Slgel & Hopper, 1968, for overview; Kingsley & Hall, 
1967; Murray, 1968; Lumsden & Kling, 1969; Rothenberg & Orost, 
1969; Halford & Pullerton, 1970; Overbeck & Schwartz, 1970; 
Peters, 1970; Strauss & Langer, 1970), on the other hand, 
have resulted in positive training effects leading to general 
acceptance of the view that the acceleration of conservation 
is possible. 

The above studies have examined the concept of conserv- 
ation in normal children. Perhaps stimulated by Inhelder's 
(1968, originally published in French, 1943) extension of 
Piaget's theoretical work to the area of mental retardation, 
researchers have also becmne interested in studying the 
retardate's proficiency on Piagetian-type tasks. A few 
studies (Achenbach, 1969; Keasey & Charles, 1967; McManis, 



1969) compared retardates with normal Ss on conservation 
tasks. The findings generally showed that, like lnhelder*s 
results, retardates exhibited a deficit on these tasks. 
Moreover, ability to conserve appeared to be related to 
mental age. 

In spite of the educational value of accelerating 
cognitive development in retardates, few studies have been 
carried out using retardates instead of normal Ss. Brison 
and Bereiter (1967) trained retarded, normal, and gifted 
children to conserve quantity. Regardless of IQ dif fer-> 
ences, the three groups did not differ significantly in 
acquisition of conserving responses and transfer to new 
material. Although untrained controls were not used, the 
Increase in scores for all groups indicated that training 
may be as beneficial to retardates as to normal and gifted 
children. Moreover, a stud^ by Lister (1969) has indicated 
that it is possible to teach educationally sutmormal child^ 
r^ to conserve weight by means of an individualized, but 
standardized procedure, involving different tasks, manipul* 
at ions, and e9q>lanations* A Icter study (Lister, 1970) 
rq;>orted success in using similar methods to teach educat* 
ionally sutoormal children to conserve volume. 

Results from the above training studies with retard- 
ates# who may be classified as mildly retarded or educable, 
support the hypothesis that these children, as well as 
normal children, benefit frcm training programs to facility 
ate their intellectual functioning. In the long run, it 
may be more worthwhile to concentrate attention on the 
retardate* s, rather than normal child* s, acceleration. 

Objectives 

The main objective of this project was to develop 
remedial materials and procedures for children who are 
educationally handicapped, particularly children who are 
diagnosed as educable retardates. These materials and 
procedures were specifically devised to develop certain 
abilities described by Piaget as characteristic of more 
advanced cognitive reasoning in the area of arithmetic* 
That is, these materials and procedures were designed to 
advance the retardated child* a mental development from the 
level of preoperational thought to concrete operations. 
As discussed above, the child is ready at the latter 
period to be taught a variety of subjects, such as arith- 
metic, whereas previously he was not. 

The develoiment of materials and procedures for remed- 
ial purposes involved a program of several steps « First, 
deficits must be assessed. It was decided to modify 
Piaget* 8 testing procedures which he used in a clinical 



fashion so that they could be administered In a standardized 
proceAire to retarded individuals. An attenpt was nade to 
keep testing materials and methods as similar as possible to 
Fiaget*s. Consequently, materials which were unavailable 
ccMnmercially were specifically constructed. 

The next step involved development of tr^<ni»q materials 
and procedures. It was decided to standardize these proced- 
ures so that the method of administration would be the same, 
no matter who administered it. Furthermore, certain features 
which were believed to be important to success were incorp- 
orated into the training procedures. These features were 
manipulation of objects, individual programming, knowledge 
of results, introduction of conflict, and training to criter- 
ion. That is, when feasible, the child was allowed to 
manipulate the materials, and the task was programmed so 
that a failure was followed by extra training to allow the 
child to correct his response. Moreover, by reversal of the 
transform to its original state, the child always received 
feedback about the correctness of his response. Reversal to 
the original state also served the function of inducing 
conflict when the child discovered that, although he had 
been certain of a particular response, the reversal showed 
him to be wrong. Finally, all Ss were run to a criterion of 
no errors in the series of transformations. 

The third step consisted of experimenting with the new 
materials and procedures in a controlled situation to detexm- 
ine whether they were successful. This involved cooperation 
of the school system, principals, and teachers where the 
special education classes were located since all testing and 
training were carried out at the individual schools. Before 
their use in schools, however, the msterials and procedures 
were generally tested In a pilot stud^ on several young, but 
normal, children of colleagues. 

A final aspect involved the evaluation of the training 
procedures through comparison with a control group's perfozm- 
ance. The effectiveness of the training procedures was thus 
assessed, and, if it appeared feasible or beneficial, some 
changes were made. Finally, an atteM?)t was made to assess 
the effects of these subsequent changes. 

As stated previously, the main objective of this project 
was to develop remedial procedures and materials for children 
with learning deficits. As the project progressed, it was 
decided to limit the scope of the project to number readiness, 
or arithmetic, particularly since facilitation of number 
readiness is likely to have a pragmatic effect on curriculum 
planning. Consequently, a series of experiments were carried 
J« . STi'^^'i* abilities which Piaget hypothesized related 
to a child's understanding of numbers. 



These abilities were conservation, ordination, cardin- 
ation, and classification. Conservation has been defined 
previously as the knowledge that a quantity remains the 
same, unless one adds or takes away some, no matter how 
much the perceptual shape is changed. For example, if a 
child conserves quantity, he readily knows that merely 
pouring a quantity from a tall thin container to a very wide 
low one or shaping clay from a ball to a pancake does not 
change the original amount. Since conservation was consid- 
ered extremely important by Piaget, conservation training 
was emphasized. Ordination and cardination appear to be 
related both in practice and in Piaget 's theory to the 
concept of numbers. Ordination is defined as arranging vary- 
ing objects in a consistent series so that each is the next 
largest (or smallest) one. Cardination, as escamined in this 
project, also includes ordinatica but en^hasizes the number 
of units which make up the members of the series. Moreover, 
this project was also concerned with classification since 
Piaget regarded ••number as seriated class" (Piaget, 1952, 
p. 161), that is numbers are ordered sets, i.e., n, n + 1, 
n -f 2, n + 3, etc. Moreover, sets (classes) are coflq>osed of 
the addition of subsets, i.e., 5 = 3 -»■ 2. The latter is 
referred to as the additive composition of classes and re- 
lated training was given. The above abilities were selected 
from those discussed by Piaget since they appeared to be 
both important for number readiness and feasible for train- 
ing. 

In summary, the following experiments represent an 
attempt to develop remedial materials and procedures in the 
area of number readiness for retarded children. Since 
abilities such as conservation, ordination, cardination, 
and classification were believed instrumental to the under- 
standing of numbers, materials and procedures were developed 
by which retardates were trained for acceleration of these 
particular abilities. The development of the testing and 
training tasks involved several steps discussed above. 
Esqperiments I through V describe the last two steps, using 
the developed materials and procedures with retardates at 
local schools and evaluating their effectiveness. 



Experiment I 



The Acquisition of Consen^ation 
of Quantity by Retarded Children 

ABSTRACT > Fifty educable retarded children who were 
determined to be nonconservers by means of three con- 
servation pretests-i*«di8continuous quantity, correspon- 
dence, and continuous quantity — were randomly assigned 
to one of five treatment groups — discontinuous quantity 
training, correspondence training, continuous quantity 
training, control, and control language group. The 
four hypotheses were as follows: (a) it is possible to 
train retardates to conserve quantity, (b) training 
effects on one form of consexr^ation transfer to other 
forms of conservation, (c) performance on conservation 
tests is related to MA, and (d) discontinuous quantity 
conservation appears before continuous quantity cons- 
ervation. In general, the results of the posttests 
were consistent with the four hypotheses. 

Conservation has received much attention from researchers 
in recent years mainly because of the importance assigned it 
by Plaget (1952) and his colleagues who believe that conserv- 
at ion is necessary for all rational activity, including 
arithmetic thought. In the last decade, researchers of a 
pragmatic bent have been increasingly concerned with inter^ 
ventlon programs to accelerate conservation in children, part- 
icularly because of its educational implications in the area 
of arithmetic. At first, the results of intervention appeared 
negative or, at best, questionable (Wohlwill & Lowe, 1962; 
Smedslund, 1961a, 1961b, 1961c) . More recently, however, a 
ntmiber of studies (Wallach & Sprott, 1964; Wallach, Wall, & 
Anderson, 1967; Gruen, 1965; Beilin, 1965; Sullivan, 1967; 
Engelman, 1967; Gelman, 1969; Rothenberg & Orost, 1969) have 
demonstrated that some types of training have an accelerating 
effect upon conservation. The training techniques, however, 
are varied since investigators have devised methods which are 
compatible with their beliefs about the mechanisms that in-- 
fluence conservation. Moreover, it is not unusual to find 
that a particular training method which appeared to accelerate 
conservation in one study failed to do so in another. Some 
researchers (Mermelstein & Meyer, 1969) failed to find that 
any previously successful method accelerates conservation. 
The situation is even more complicated as indicated by the 
results of Hall & Kingsley (1968) which suggest that experi- 
menters are able to greatly influence Ss' responses on conserv- 
ation tests. The latter found that even adults may fail to 
conserve or may show extinction of conservation responses in 
certain situations. It is now, however, generally accepted 
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that acceleration of conservation concepts is possible. 
Piaget himself has admitted its possibility (Hall, 1970), 
although he has questioned its desirability^ 

The present study also represants an attempt to accel* 
erate conservation, but, unlike the studies cited above, 
retardates, instead of normal children, participated as Ss. 
Inhelder (1968) found that retardates follow the same 
stages of development as normal children, but at a slower 
rate. Moreover, depending upon the degree of retardation, 
retardates appear to fixate at a particular level, failing 
to achieve a higher stage. In view of Inhelder* s findings, 
it appears an intervention program would be of great pract- 
ical value for the education of retardates. Brison & Bere-* 
iter (1967) examined the relationship between general 
intelligence level (gifted, normal, and retarded Ss) and 
conservation training. Pew differences were found among 
groups, indicating that mildly retarded Ss may benefit as 
much as other Ss from training to accelerate conservation* 
Because of lack of controls, however, the full extent of 
training effects was not assessable. 

The present study was designed to train retarded child- 
ren to conserve discontinuous quantity, establish corresp- 
ondence between units, and conserve continuous quantity. 
The method of training included manipulation of objects, 
individual programming, training to criterion, and knowledge 
of results. The hypotheses tested are (a) retardates can be 
trained to consezrve quantity or number, (b) training on one 
form of conservation transfers to other forms of conservat- 
ion, (c) ability to conserve is related to mental age (MA), 
and (d) conservation of discontinuous quantity appears 
before conservation of continuous quantity. 

Method 

Subjects 

The Ss consisted of 51 educable retarded children from 
elementary and intermediate Type A classes in an urban set- 
ting. These children, 24 females and 27 males, were sel- 
ected from a sample of 103 testable Ss (11 were nontestable) 
on the basis of performance on three"*Piagetian pretests — 
discontinuous quantity, correspondence, and continuous 
quantity conservation. Children were eliminated from 
further participation in the study if they were in stage 
three as described by Piaget (1952) on more than one of the 
three verbal pretests? 52 Ss were eliminated. The remaining 
51 Ss were randomly assigned to one of five treatment groups, 
three training and two controls 

TJie mean Stanford-Binet IQ (scores attainable for only 
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44 Ss) was 71.77 (SD = 7.86); the mean chronological age (CA) 
was 9.77 (SD = 1.33); and the mean MA was 7.04 (SD = 1.34). 
The mean IQs of the five groups— discontinuous quantity 
training, correspondence training, continuous quantity train- 
ing, control, and control language — were 73.77, 70.88, 72.00, 
70.67, and 71.50 respectively. 



Procedure 



Table 1.1 shows the design of the study. All Ss received 

Table 1.1 

Design of study showing 
the five groups and their treatment. 



Pretests : 


Pretests: 


Pretests: 


Pretests: 


Pretests: 


nCQ 
DO 

Corr 
CQ 


nCQ 
DO 

Corr 
CQ 


nCQ 

DQ 

Corr 

CQ 


nCQ 

DO 

Corr 
CQ 


nCQ 
DQ 

Corr 
CQ 


Treatment: 


Treatment : 


Treatment: 


Treatment: 


Treatment : 


DQ 
training 


Corr 
training 


CQ 
training 


Play 
session 
with 
clay 


Play 
session 
with clay 
using 
same 
language 
as in 
training 


Immediate 
posttest: 


Immediate 
posttest: 


Immediate 
posttest: 


Immediate 
posttest: 


Immediate 
posttest: 


DQ 


Corr 


CQ 


DQ^ Corr^ 
or CQ 
randomly 
assigned 


DQ^ Corr^ 
or CQ 
randomly 
assigned 


Final 
posttest: 


Final 
posttest: 


Final 
posttest: 


Final 
posttest: 


Final 
post tests 


DQ 

Corr 

CQ 


DO 

Corr 
CO 


DO 

Corr 
CQ 


DO 

Corr 
CQ 


DO 

Corr 
CO 
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four Piagetian pretests, in addition to a vocabulary pre- 
test, and were then randomly assigned to one of five 
treatment groups. After treatment was completed, all Ss 
were again given the same tests as posttests. Ss were"* 
tested and trained individually by E; an observer (0) 
recorded all responses and conserving reasons, if any, 
given. A standardized procedure was followed by the five 
Es who tested and trained Ss* 

Pretests 

Vocabul ary pretest . A vocabulary pretest (see Appendix 
A) was administered first to establish that S understood the 
words, ""same," ••more, ••less," and ••as many as, •• used later 
on the pretests • The pretest asked Ss to respond to verbal 
commands, such as "pour out more (th^ same amount of) pop 
than (as) I have in my glass, •• or ""put out more (the same 
number of) chips than (as) I have here in ray row.** Children 
not exhibiting knowledge of at least "same** and ••more*' were 
eliminated from participation in the study as part of the 
nontestable Ss. 

Conservation pretests . All Ss who were successful on 
the vocabulary pretest were given^one nonverbal and three 
verbal conservation pretests in the following order: non- 
verbal continuous quantity, discontinuous quantity, corr- 
espondence, and continuous quantity. The pretests were also 
tape recorded. 

Nonverbal conservation of continuous quantity (nCQ) 
pretest * The nCQ pretest was identical to task one in the 
study by Mermelstein & Shulman (1967). Their task, the 
••Magic Experiment, •• using specially constructed apparatus, 
consisted of a stand holding two lOOO ml. jars, one visible 
to the child and the other hidden behind the stand. The 
hidden jar, placed on a higher level, was filled with colored 
water and connected to the visible one by a plastic hose. A 
valve was used to control the flow from the hidden jar to the 
visible one. S first established that there was an equal 
amount of colored water in two 150 ml. beakers. Then one of 
the 150 ml. beakers was left near the apparatus, and the 
water in the other beaker was poured in the visible lOOO ml. 
jar. E with his free hand surreptitiously opened the valve 
as he poured the water. Consequently, the 150 ml. beaker of 
water appeared to fill the lOOO ml. jar. Mennelstein & 
Shulman (1967) scored responses as either stage three or 
stage one. ••Gestures of surprise, puzzlement, smiles, •chee, • 
•wow, * etc. were scored at stage 3. The absence of observ- 
able changes in behavior was scored at stage 1^^ (p. 44). In 
this study, however, to gain greater precision, S was also 
asked whether he noticed something funny. If S "responded in 
the affirmative, E asked ""What was funny?^^ An*"o, facing S, 
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recorded all observable changes in expression and responses 
to the questions. 



Conservation of discontinuous quantity (DQ) pretest . A 
more detailed version of this pretest has been included in 
Appendix C. S was given a choice of yellow or green wooden 
beads. E and S then placed beads into two equal 600 ml. glass 
beakers, one at a time, and S was asked if they both had the 
same number of beads. After equivalence was established, S 
was asked whether necklaces made from the beads would be the 
same length. A series of transformations were then made, i.e., 
S's beads were poured into a 150 ml. beaker, a 150 x 75 ton. 
glass dish, divided into two 250 ml. beakers, and then four 
150 ml. beakers. After each transformation, S was asked 
wheuier he had the same number of beads as E and whether neck- 
laces made from their beads would be the same length. All 
questions were in the form of a forced choice of ••same" or 
"more, " and explanations were asked for each answer. 

Correspo ndence (Corr) pretest . The Corr pretest (see 
Appendix D) consistently used the word, "nximber, " similar to 
Wallach & Sprott (1964), although their test was of provcked, 
rather than spontaneous, correspondence. According to Piaget 
(1952, p. 65), the former includes materials which suggest 
correspondence since they are qualitatively complementary 
(e.g., beds and dolls, flowers and vases, eggs and egg-cups, 
etc.)» The child is generally told to "put one A opposite 
(or into) B" or to "exchange one A for B." For spontaneous 
correspondence, on the other hand, S must find the correspond- 
ence by himself, i.e., S is merely asked to put out the same 
number of objects as in a model. The Corr pretest in this 
study involved spontaneous correspondence, but the training 
method involved provoked correspondence. The latter was used 
for training, since the materials appeared to produce corres- 
pondence more naturally and Piaget found the same stages in 
development for both. 

S was given his choice in color of plastic chips, E 
constructed a series of models and asked S to "take the ^ame 
number of chips from your pile and make the same thing I just 
did." After S was satisfied that he had the same number of 
chips, E spread out 'transformed) the model and asked whether 

5 still had the same number as E. All questions were asked 
in the form of a forced choice of "same" or "more, " and S was 
asked to explain each answe: . The models consisted of iT 
chips as a random (unstiructured) figure, two parallel rows of 

6 chips each, and a rhombus of 12 chips, respectively. After 
S conqpleted a model with chips, he was given small sticks, 
and the procedure was repeated with the same models, except 

S was asked to use the same number of sticks as there were 
chips in the model. 



Conservation of continuous quantity (CQ) pretest . For 
a more detailed version of this test, see Appendix P. S 
was given his choice of a large white or yellow clay baTl. 
E then took the other ball and asked S if they had the same 
amount of clay. After equivalence had been established, E 
transformed S' s clay into a sausage, a pancake, divided it 
successively into two balls, three balls, four balls, and 
finally transformed the four balls into a sausage, a pancake, 
a cube, and a cup. After each transformation, S was asked 
whether E and S had the same amount. All questTons again 
were in the form of a forced choice of "same'^ or "more," 
and explanations were asked for each answer. 

Treatment 

All Ss who were judged to be at stage three on no more 
than one of the above verbal conservation tasks were random-* 
ly assigned to onp of five treatment groups. Three groups 
received training related to discontinuous quantity, corr- 
espondence, and continuous quantity conservation, while two 
groips served as controls. It should be noted, however, 
th^^t the training materials differed from the testing mat- 
erials. Each treatment session was approximately one- half 
hour long. 

Table 1.2 shows the two cycles to which all training 
Ss were exposed in order that the task be individually 

Table 1.2 

Training cycles for discontinuous quantity, 
correspondence, and continuous quantity training. 



Cycle One 


Cycle Two 


Equivalence state 


Equivalence state 


Transformation of one 


Transfonnation of one 


quantity 


quantity 


Judgment by S 


Judgment by S 




Subtraction from or addition 




to transform 


Reversal to equivalence 


Reversal to equivalence 



prograrmed. All Ss were exposed to cycle one, but Ss 
received cycle two only if they failed a transformation in 



cycle one. Cycle one consisted of (a) establishing equival- 
ence between two quantities, (b) transforming one quantity 
perceptually in form, (c) having S make a judgment about the 
equivalence of the two quantities after transformation, and 
(d) checking by reversing the transform to its original form. 
The last step gave S feedback about the correctness of his 
response. If S gave an incorrect response on cycle one, 
moreover, cycle two was carried out» Steps a, b, and c were 
identical to those in cycle one. If S again maintained that 
the two quantities were unequal after transformation, he was 
asked to take away or add until he believed them equal. His 
response was then checked by reversing the transform to its 
original form. After reversal, S was shown that not only 
were the quantities no longer equal but they were unequal by 
the amount which he took away or added. The last cycle en- 
sured that the amount of training given was dependent on S's 
performance. Moreover, cycle two allowed S to determine on 
his own that unless one added or took away, the quantities 
remained equal. Criterion was reached when cycle two was 
not needed for any transform, i.e., S made no errors. This 
training technique, because of the incorporation of cycle 
two, was believed to encourage the acquisition of conservat- 
ion rather than a response set to say "same.** 

Discontinuous quantity (DQ) training group . Appendix K 
gives a detailed version of this procedure. Ss assigned to 
this gioap were individually given DQ training which cons- 
isted of two parts. For the first part, materials consisted 
of three dozen erasers and six boxes of varying dimensions. 
The erasers and two rectangular wooden boxes, identical in 
size and shape, were placed on a table, one before S and the 
other before E. The E instructed, •'every time I put one 
eraser in my box, you"*put one in yours." This procedure was 
carried out until there were enough erasers in the boxes to 
cover the bottoms in a single layer. The two boxes had been 
deliberately constructed so that one layer of erasers fitted 
exactly from side to side. 

After equivalence of the erasers had been established, 
the remaining four boxes of different shapes, all larger than 
the original ones, were successively presented. Training 
cycle one was carried out with each box individually^ with 
^•s erasers divided between two of the above varied boxes, 
and finally with S's erasers divided among the four boxes* 
If S failed to show conserving responses upon presentation 
of a particular box or combination of boxes, training cycle 
two was immediately carried out using the same box(es). 

After completing the training cycles with each box and 
combination of boxes, a similar training procedure was used 
with rhythm sticks and six decorated tin cans of different 
sizes. The two smallest cans of equal size were used to 
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establish equivalence. Exactly 12 sticks could fit into 
each can. After S said that both cans had the same number 
of sticks, E performed several transformations. Training 
cycle one, and if necessary, two were carried out with S's 
sticks successively in four larger cans, in two cans 
together, and finally in four cans together. 

Training with erasers and boxes and then with sticks 
and cans was repeated for half-hour sessions until criterion 
wa3 reached on both training tasks. S reached criterion 
when he was able to go through all transformations on a task 
without a single error. After S had reached criterion on 
both tasks, he was given an irmriediate posttest, identical to 
the DQ pretest. 

Correspondence (Corr) training group . A detailed vers- 
ion is contained in Appendix L. Ss assigned to this group 
received individual training in provoked correspondence 
similar to that used by Wallach & Sprott (1964). Eight tiny 
cans (35 mm. film containers) were placed in a row on the 
table. E directed to place a cap on each can; equivalence 
of caps and cans was then established. Next, E removed the 
caps and placed them before the cans but closed together so 
that at least one can was left without a cap in front of it. 
S was then asked about the equality of the number of caps 
and cans. Reversal (putting the caps back on the cans) was 
carried out to give S feedback about the correctness of his 
response . 

The transformations (a) caps closer together and (b) 
caps farther apart were alternately repeated twice for each 
of four figures successively. Upon failure on a particular 
transformation, the transformation was repeated as cycle two 
in which if S failed to conserve again, he was asked to re- 
move or add some cans or caps. Again S was asked to predict 
whether each can would have a cap if the caps were put back 
on each can, and the reversal was carried out to check S*s 
response. It was then emphasized that the number by whTch 
the caps and cans were unequal was the same as the number 
that had been removed or added. 

Each transformation was repeated until S reached criter- 
ion, i.e., cycle two training was not needed because S made 
no errors. The entire training procedure was carried out to 
criterion with the following figures; (a) single row, (b) 
open square, (c) closed square, and (d) square outside (caps 
formed into a square away from the square made by the cans) . 
After S reached criterion on the last figure, an immediate 
posttest, identical to the Corr pretest, was given. 

Continuous quantity (CO) training group . A detailed 
version of this procedure is given in Appendix N. Ss 
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assigned to this group received individual training on cont- 
inuous quantity conservation with colored water and sand. 
Two 600 ml. glass beakers with equal amount of "pop" (colored 
water) were presented, one for E and one for S. Equivalence 
of the quantity of "pop" in the""two beakers was first establ- 
ished. A succession of glass beakers and containers was 
presented to S in the following order: (a) one 150 x 75 qsq. 
glass dish, (b) two 250 ml. beakers, (c) one 250 ml. beaker 
and two 150 ml. beakers, (d) four 150 ml. beakers, and (e) 
one 150 ml. beaker, one 250 ml. beaker, one 600 ml. beaker^ 
and one 150 x 75 mm. glass dish. 

A series of steps were followed with each set of beakers. 
First, S was asked to predict what would happen if the ••pop*' 
from his container were poured into the newly presented 
container (s) • The transformation was carried out, and S was 
asked if the two quantities were equal. The S was then'^asked 
to predict what would happen if the operation were reversed, 
and the reversal was carried out to check whether S was 
correct. 

The same transformation was carried out again if S 
failed. On this second presentation, or cycle two, if S 
maintained that the quantities were not the same, he wa^ 
asked to take away the extra ••pop" by pouring it into another 
jar. This was again followed by a reversal prediction and 
then by the actual reversal. Upon pouring the ••pop" back 
into the 600 ml. beaker, S would find that the quantities 
were not equal. E then asked him to pour some ••pop^' back 
from the amount he had taken away until both 600 ml. beakers 
had the same amount of "pop" in them again. It was pointed 
out that the amount of ••pop" taken away and the amount of 
"pop** S had to add were the same. 

After going through the succession of containers, the 
entire procedure was repeated with sand instead of "pop. •• 
The S reached criterion when he was able to go through all 
transformations for both sand and "pop" without cycle two, 
i.e., without a single error. After criterion was reached, 
an immediate posttest, identical to the CQ pretest, was 
administered. 

Control (C) group . Each control S was given two one- 
half hour sessions with E, since this was approximately the 
average time spent by Ss in the training groups (mean time » 
50. 33, 35.63, and 63.63 for the DQ, Corr, and CQ groups 
respectively) . E and S started with two balls of clay, and 
S was asked what he would like to make. S was allowed to do 
whatever he wished with his clay; however? E helped S when- 
ever he appeared to wish it or interest lagged. At the end 
of the last session, S was given an immediate posttest-- DQ/ 
Corr, or CQ, randomly**assigned — in order to equate the number 
of test exposures for the training and control groups. 
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Control language (CD group . The control language 
group, which was added in order to control for S's exposure 
to the terms, "more" and "same," used in training, also 
made objects of clay. Their procedure (see Appendix R) , 
however^ was more rigorous than the control group above, 
since an attempt was made to equate the number and types of 
questions with those of the training groups. These Ss 
also spent two one-half hour sessions, but E controlTed the 
type of objects made and consistently asked questions^ 
using the terms, "more" and "same," about the quantity of 
clay. Unlike the training sessions, there were no reversals, 
additions or subtractions of materials^ or confirmations of 
S's response. In other words, only the language was similar 
to that of the training groups. At the end of the last 
session, S was given an iiwnediate posttest — DQ, Corr, or CQ 
randomly assigned — in order to equate the number of test 
exposures for the control and training groups* 

Conservation posttests . One week after the immediate 
posttest, the three verbal conservation pretests were again 
administered to each S in exactly the previous manner. 

Results 

Each of the 103 pretested children were scored by two 
independent judges for Piaget's three stages of development 
in conservation. The scoring ranged from one to five in 
order to facilitate scoring transition between stages. The 
Spearman rank correlations between judges were ♦97, .94, 
and .94 for the DQ, Corr, and CQ pretests respectively. Any 
S who was scored as four or five on more than one of the 
three verbal pretests was removed from further participation 
in the study. Fifty-one children of the 103 tested Ss part- 
icipated in the study, but, because the school year termin- 
ated before training was completed, data from one child 
were deleted. Consequently, the results of this study are 
based on 50 Ss, except for MA, CA, and IQ data which were 
based on only 44 Ss. Table 1.3 shows the breakdown of 
number of Ss in each group who were nonconservers, partial 
conserversT and total conservers corresponding to Piaget^s 
three stages. 

Because each test had a different number of questions, 
the nuHtber correct was scored as the percentage of total 
possible correct for comparison purposes. Weighted means 
of the total pre- and posttest scores were obtained by 
weighting Ss* percentage correct for the three pre- and 
posttests,** Figure 1^1 Illustrates the performance of the 
five treatment groups on the verbal pre- and final posttests 
(DQ, Corr, CQ, and weighted mean of the three tests) . 
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Table 1.3 



Ntuitber of nonconservers, 
partial conservers, and total conservers 
in the five treatment groups on the three pretests. 



Group Test 



Non- Partial Total 

conservers conservers conservers 



DQ 8 3 O 

DQ Corr 6 3 2 

CQ 11 0 O 



DQ 6 3 O 

Corr Corr 4 5 o 

CQ 9 0 o 



DQ 5 5 O 

CQ Corr 4 5 1 

CQ 7 2 1 



DQ 5 5 o 

Corr 5 5 0 

CQ 10 0 O 



CL DQ 3 6 1 

Corr 8 11 

CQ 6 4 O 



The data from the invnediate posttest given upon reaching 
criterion were compared with those from the final posttest 
given one week later by means of the t test for related 
samples. No significant differences were found between the 
two posttests ( t = .47, df = lo, £>.05 for the DQ posttest, 
t a 2.38, df » 8, £>.05 for the Corr posttest, and t » .21, 
df = 9, £>.05 for the CQ posttest). ~ 

The final posttest data were subjected to analyses of 
covariance with the pretest scores as the cover late. Since 
the scores were reported in percentages, an arcsin transform- 
ation of scores was made prior to analyses. Significant 
differences were found among the five groups on the DQ, Corr, 
and CQ conservation posttests and the weighted mean of all 
three conservation posttests (P = 14.76, df = 4/44, d<.01; 
F » 4.37, df = 4/44, P<.Ol; Ff"= 7.58, df = 4/44, £<.01; 
and F = 13.71, df = 4/44, £<.01 respectively for the above 
measures) . 
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Multiple comparisons (Winer, 1962, p. 592) were inade 
between the adjusted posttest means. Table 1.4 indicates 



Table 1.4 

Multiple conrqparisons 
between the adjusted posttest means. 



Post- 
tests 



DQ 



Corr 



CQ 



Weighted 
Mean of 
Post tests 



Groups 


DQ 


Corr 


CQ 


c 


CL 








W 


w 


it 


Corr 








W 


w 










w 


it 


C 












CL 










- 










W 


it 


Corr 








it 


it 


CQ 






mm 




it 


C 












CL 












DQ 








* 


it 


Corr 








* 


it 


CQ 








* 


it 


C 












CL 












DQ 






* 


* 


it 


Corr 








* 


it 


CQ 








* 


it 


C 












CL 













The asterick indicates that these groups differed 
significantly beyond the .05 level. 



the groups which differed significantly from each other. All 
training groups differed significantly from both control 
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groups on the DQ posttest; moreover, the group receiving 
training on E>Q was significantly superior to the group 
receiving CQ training* On the Corr posttest, the DQ and 
Corr training groups differed from the C and CL groups, 
but CQ training group differed only from the CL group* On 
the CQ posttest, all training groups differed from both 
control groups « Finally, on the weighted mean of the post* 
tests, all training groups differed from the control groups 
and the DQ group differed from the CQ group* All other 
differences were nonsignificant* 

Although Ss were generally nonverbal in the testing 
situation, the number of Ss giving at least one conserving 
response on the dif ferent""tests was examined. Tables 1.5, 
1*6, and 1*7 show the number of Ss giving conserving resp- 
onses on the DQ, Corr, and CQ posttests respectively* The 



Table 1.5 

Distribution of trained and control Ss 
who gave conserving reasons on the DQ posttest « 





No conserving At least one 
reason conserving reason 


Total 


Trained 


7 23 


30 


Control 


14 6 


20 


Total 


21 29 


50 






Table 1.6 




Distribution of trained and control Ss 
who gave conserving reasons on the Corr posttest. 






No conserving At least one 
reason conserving reason 


Total 


Trained 


8 22 


30 


Control 


13 7 


20 


Total 


21 29 


50 



21 



Table 1.7 

Distribution of trained and control ss 
who gave conserving reasons on the CQ posttest. 



No conserving At least one 

reason conserving reason 



Total 



Trained 12 18 30 

Control 13 7 20 

Total 25 25 50 



chl>square test was used to examine whether approximately the 
same proportion of trained and control Ss gave conserving 
explanations for their answers. The trained and control Ss 
differed significantly on the DQ and Corr, although not CQ, 
posttests (X-^ = 8.90, d£. = 1, £^.01; = 5.75, df = 1, 
E<.01; and X-^ = 2.08, df » l, £>.05 for the DQ,"corr, and 
CQ posttests respectively), showing that proportionately 
more trained Ss reported conserving reasons than did the 
control Ss on the DO and Corr posttests. 

The reliability of the three verbal tests was checked 
by examining the degree of relationship between the pre- and 
posttest scores for both control groups by means of the 
Pearson product-moment correlation. The correlation coeffi- 
cients between pre- and posttests for the DQ, Corr, and CJ 
tests were .74, .80, and .51 respectively. 

The relationships among the three tests were examined 
by means of the Pearson product-moment correlation of pre- 
test scores. The correlation coefficient between DQ and Corr 
was .45, df » 48, £<.01, between Corr and CQ, .29, df « 48, 
£<.05, and between DQ and CQ, .18, &f = 48, £>.05. 

Moreover, the relationships between the pretests and 
individual differences such as CA, MA, and IQ were examined 
by means of the Pearson product-moment correlation. Table 
1.8 shows the correlation coefficients between the three 
pretests and individual differences. Performance on DQ and 
Corr showed significant relationships with MA. Moreover, 
significant relationships were found between DQ and CA and 
between Corr and IQ. CQ, on the other hand, appeared un- 
related to MA, CA, or IQ. 

The relationships between general training effectiveness 
and individual differences for the trained Ss were also 
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Table 1.8 



Relationships between measures of 
individual differences and pretest scores. 



DQ Corr CQ 



MA 


.39** 


.44** 


.11 


IQ 


.24 


.41** 


.08 


CA 


.34* 


.27 


.10 



* £ ^.05, df = 42 
** 2 ^ .01, df =» 42 



examined. The effectiveness of training was defined as the 
amount of improvement from pre- to posttest as the result 
of receiving either DQ, Corr, or CQ training. Table 1.9 
shows the correlation coefficients between the improvement 
scores and MA, IQ, CA, and pretest scores. Amount of 
improvement on all tests was negatively related to the pre- 
test scores. Moreover, improvement on the DQ test was 
negatively related to IQ and CA. Ko other relationships 
were found. 



Table 1.9 



Relationships between test improvement from pre- 
to posttest and individual differences for the trained Ss. 



Test 
Improvement 


Pretest 
Score 


MA 


IQ 


CA 


DQ 


-.71**^ 


-.24 


-.78**^ 


-.83**^ 


Corr 


-.66**^ 


-.11 


-.15 


-.01 


CQ 


-.57**^ 


.26 


.19 


. 20 



^E<.01, df = 28 
^£<.0l, df = 23 



An analysis of variance of repeated measures on the 
transformed data from the three verbal pretests was used to 
determine which was the easiest, or first occurring, of the 



three types of conservation. Means for all Ss on the DQ, 
Corr. and CQ pretests were .37, .31, and . 15~respectively. 
The analysis of variance yielded significant results (F = 
15.49, df = 2/98, £ <.01). The Newman-Keuls test of nnllt- 
iple comparisons (.05 level) showed that both the DQ and 
Corr means differed significantly from the CQ mean, but not 
from each other. 

The nonverbal pretest of conservation of continuous 
quantity was analyzed separately from the verbal pretests. 
For the nonverbal test, s was scored at stage three if he 
Showed a change in behavior and also reported that he noticed 
something funny. All other responses were scored as stage 
one. Of 85 nonconservers and conservers who gave both behav- 
ioral and verbal responses on the CQ pretest, 19 gave incon- 
sistent behavioral and verbal responses. Of these 19 Ss, 12 
reported they noticed something funny but showed no observ- 
able change in behavior. The other 7 indicated a change in 
behavior (smiled, etc.) but reported that they har' not 
noticed something funny. 

Since the nonverbal and verbal pretests of conservation 
of continuous quantity are thought to measure the same con- 
cept, the relationship between these two pretests was exam- 
ined by means of the phi coefficient. The chi-square test 
tor independence and the phi coefficient were computed suc- 
cessively for these data. A significant relationship was not 
found between the two continuous quantity pretests (x2 = 

^U ^Z^' £>-05, 0 = .20). Of 90 Ss, for whom itages 
could be determined on both tests, 18 passed only the verbal 
continuous quantity pretest and 17 passed only the nonverbal 
pretest. 

Because Merroelstein and Shulman (1967) found that the 
nonverbal continuous quantity test was easier than the 
verbal discontinuous quantity test, an attempt was made to 
determine whether one of these was easier in the present 
study. The data from all pretested Ss who were at stage 

°C °^ two pretests, nCQ or DQ, were sub- 

jected to McNemar's test. No differences were found (x2 » 
.13, ^ a 1, £>.05) between the number (14) of Ss who"" 
passed the nCQ pretest only and the number (17) who passed 
the DQ pretest only. 



Discussion 



In general, the first hypothesis that retardates can be 
taught to conserve quantity was supported. Multiple compar- 
isons showed that the groups which received training were 
superior to the control groups on all posttests. Although 
all three training methods were effective, DQ training appe- 
ared to be the most facilitating. The DQ group was superior 
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to both control groups on all three posttests. The DQ group 
was also superior to the CQ group on the DQ posttest, indic- 
ating the CQ training is not as facilitating for DQ conserv- 
ation as are DQ or Corr training. CQ training^ moreover, 
though effective in facilitating performance on the CQ post* 
test, appeared to be less effective in transfer to the Corr 
task. Considering the weighted mean of the posttests, the 
differences were the same as those on the DQ posttest. All 
training groups were significantly superior to the two con- 
trol groups. Again, DQ training resulted in better perform- 
ance on the weighted mean of the posttests than CQ training. 

Moreover, the above findings appear to have resulted 
from acquisition of conservation rather than a response set 
to say, -same," since (see Tables 1.5, 1.6, and 1.7) sign- 
ificant differences were found in the proportion of trained 
iind control Ss giving conserving reasons for their answers 
on the DQ and Corr posttest. Proportionately more trained, 
than control, Ss gave conserving reasons. The latter ind* 
icates that Ss who received training did not blindly say 
"same, but actually presented logical reasons, e.g., "We 
started with the same, -You didn't add or take away, - etc., 
for their answers. The lack of significant differences in 
proportion giving conserving explanations on the CQ posttest 
Is rather interest ino. It is believed that the decrease in 
conserving reasons on CQ, from DQ and Corr, may have re- 
sulted from the retarded child's uncertainty in a situation 
In which no feedback was given. Since CQ was the last test 
given, generally S had already given conserving explanations 
on both the DQ and Corr tests, but E continued to ask him 
to explain each answer. The child may have assumed E wished 
him to respond differently. Consequently, he became less 
verbal as testing continued. At any rate, it is unlikely 
that after giving conserving reasons on the first two tests, 
S suddenly developed a response set to say "same- only on 
the last test. 

Furthermore, cycle two of the training task is believed 
to be highly instnimental in leading to conservation rather 
than response set. Cycle two was presented only upon S's 
failure to conserve after a particular transformation.^ In 
this cycle, the S who maintained that the quantities were 
unequal was asked to make them the same by adding or sub- 
tracting some amount. After reversal, S discovered that 
adding or taking away some amount now iiiade the quantities 
unequal by that particular amount. It is believed that 
because S himself had to verify the correctness of his resp- 
onse, the nature of the training task was more conducive to 
learning conservation rather than a response set. Moreover, 
because the amount of training was dependent upon individual 
need and Ss were run to criterion, training procedures 
tended to be highly successful. 
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In addition, it must be noted that unlike many past 
studies, the materials used for testing and training always 
differed in the present study, it is unlikely that if a 
superficial response set to say "same" had been learned with 
a particular material, the S would still continue to use the 
same response with different materials at least one week 
later on the final posttest. Moreover, one must remember 
that the Ss were trained on only one type of conservation 
with specific materials. Yet, at least one week later, tra- 
ined Ss responded correctly for the other two types of con- 
servation, e.g., Ss trained on DQ using sticks and cans and 
boxes and erasers responded correctly a week later on the 
CQ posttest using clay. 

Of great interest, moreover, are the comparisons between 
the immediate and final posttests. The lack of significant 
differences indicates that the results of training were 
stable over at least a one-week period. Other studies (Gold- 
schmid, 1968; Wallach & Sprott, 1964; Kohnstamm, 1963; Gel- 
man, 1969) have obtained training effects lasting as loi.g as 
three weeks. Moreover, Rothenberg & Orost (1969) found 
training effects lasting over three months, indicating that 
these effects may be stable over long periods of time. 

The second hypothesis that training on one type of con- 
servation transfers to other types of conservation was also 
supported. As noted above and in Table 1.4, all training 
methods showed some transfer to the other types of conserv- 
ation. Each group which had been trained only on one part- 
icular type of conservation was significantly superior to 
the control groups on the other types of conservation. The 
group trained on CQ, however, appeared to show the least 
amount of transfer. 

When the coefficient of stability of the three verbal 
tests was examined by comparing the two control groups' pre- 
and posttest scores, the DQ and Corr tests showed a fairly 
high degree of reliability (r = .74 ancJ .80 respectively). 
On the other hand, the CQ test showed only a moderate degree 
of reliability (r = .51). it must be noted, however, that 
most Ss were at stage one on the CQ test, and the range of 
scores was more limited than on the DQ or Corr tests. More- 
over, a relation-hip was found between performance on the DQ 
and Corr pretests, but not between performance on the DQ and 
CO pretests. Also a relationship was found between perform- 
ance on the Corr and CQ ' -tests. It appears that the tests 
may measure several abilities, some of which may be common 
only to the DQ and Corr tests and others which may be common 
only to the Corr and CQ tests. 

The finding of no relationships or significant negative 
relationships between general training effectiveness and 
individual differences (see Table 1.9) contrasts wl Lh 
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results obtained in other studies (Beilin, 1965; Lurasden & 
Kling, 1969; Overbeck & Schwartz, 1970; Strauss & Langer, 
1970) • The latter researchers found that partial (trans- 
itional) conservers or older Ss benefited more from train- 
ing than nonconservers or younger Ss. In the present 
study, it appears as if training was maximally effective 
for all Ss. This is not surprising since the training pro- 
cedures were individually programmed and all Ss were run to 
criterion* Consequently, even the slowest performing Ss 
had a chance to learn up to the same level as the fastest 
Ss. Since negative correlations were found between pretest 
score and general training effectiveness, it appears that 
the individualized training program had generally effected 
optimal learning for all Ss, ^ather than just the brighter 
or more advanced ones. 

The third hypothesis that ability to conserve was 
related to MA was upheld by the significant correlations 
between MA and the DQ and Corr pretest scores. Investigat- 
or s, such as Kooistra (1963), Goldschmid (1967), and Achen- 
bach (1969), have obtained similar results. In the present 
study, however, a relationship was not found between MA and 
the CQ pretest. Again, it must be noted that range of 
scores on the CQ pretest was more limited than the DQ and 
Corr scores. Kooistra (1963) also found a relationship 
between CA and conservation. In the present study, a rel- 
ationship between CA and the DQ pretest only was found. 

The fourth hypothesis that conservation of discontin- 
uous quantity appears before continuous quantity was sup- 
ported by the results of the analysis of variance for 
repeated measures. The DQ and Corr pretests were approx- 
imately the same in difficulty or order of development, 
whereas CQ was more difficult or appears later in develop- 
ment. The finding that DQ performance is higher than CQ 
performance is similar to the results of Elkind (1961) who 
used water and Kooistra (1963) who used clay. The results 
of Goldschmid (1967), on the other hand, suggest that CQ 
conservation (whether clay or water) may be easier than DQ 
conservation; CQ (mass) conservation using clay appeared to 
be easier than CQ using water. The situation, however, is 
complicated since Bittner and S hinedling (1968) found that 
water conservation tasks were easier than clay ones. 

The results of the nonverbal test of continuous quantity 
conservation indicated that merely observing S for a change 
in expression may not be an adequate method of measuring 
conservation as was previously thought (Mermelstein & Shul- 
man, 1967). The nonverbal and verbal CQ pretests appeared 
to be equal in difficulty, but a relationship was not found 
between these pretests. Moreover, unlike the results of 
Mermelstein and Shulman (1967), the nonverbal CQ pretest was 
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not easier than the DQ pretest. In the present study, the 
nCQ and DQ pretests appeared to be approximately equal in 
difficulty. 

In conclusion, the results indicate that it is possible 
• .-> train retardates to conserve quantity and that training 
on a particular type of conservation facilitates performance 
on other types of conservation. Moreover, performance on 
the DQ and Corr pretests appeared to be related to MA, al- 
though performance* on CQ did not. Finally, DQ and Corr 
conservation appeared easier than CQ conservation. The 
results of the present study, particularly because of its 
retarded sample, indicate that the case for training effects 
is not as pessimistic as some investigators (Kohlberg, 1968; 
Mermelstein & Meyer , 1969) have presented it. Specific 
training appears to have general facilitating effects which 
may be stable over time. 
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Experiment II 



The Acquisition of Conservation, Ordination/ 
Cardination, and Classification by Retarded Children 

ABSTRACT, Seventy-one educable retarded children were 
assigned to three levels on the basis of their perform- 
ance on Piagetian conservation, ordination, cardination, 
and classification pretests. Experimental Ss at level 
three were given training on conservation, ordination, 
cardination, and classification. Experimental Ss at 
level two were given training on ordination, cardin- 
ation, and classification. Experimental Ss at level 
one were given classification training only. The hypo- 
theses are: (a) conservation can be accelerated in 
retardates, (b) ordination and cardination can be accel- 
erated in retardates, (c) classification can be acceler- 
ated in retardates, (d) conservation, ordination, card- 
ination, and classification are related to mental age, 
and (e) training on conservation, ordination, and class- 
ification affects arithmetic ability. Comparison of 
the experimental and control group performance at level 
three supports the first three hypotheses, although the 
effectiveness of cardination training may be questioned 
as indicated by results at level two. Comparisons 
between levels indicated that conservation, ordination, 
and classification training procedures were highly 
facilitating. Moreover, conservation, ordination, and 
cardination operations were related to mental and chron- 
ological age; classification was not. Finally, evidence 
that training affected arithmetic ability as measured 
by a standardized achievement test was inconclusive. 

According to Piaget (1952), the child's development of 
the concept of number is closely related to the development 
of conservation, ordination, cardination, and classification. 
Piaget and his colleagues have described the development of 
conservation, ordination, cardination, and classification in 
roughly three stages which correspond to his description of 
the middle periods — preoperational thought, a transitional 
phase, and concrete operations — in intellectual developments 
A number of studies having some success in accelerating 
conservation development from lower to higher stages have 
been reported (Wallach & Sprott, 1964; Wallach, Wall, & 
Anderson, 1967; Gruen, 1965; Beilin, 1965; Sullivan, 1967; 
Engelman, 1967; Gelman, 1969; Rothenberg & Orost, 1969; and 
Experiment I above.) Few studies, however, have been con- 
cerned with the acceleration of ordination, cardination, or 
classification operations. Sigel, Roeper, and Hooper (1966) 
used a training method involving classification, but they 
were concerned only with the effect of such training on 
conservation; no attempt was made to determine its effect 
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on the operation of classification. On the other hand, Morf 
(1959) and Kohnstamn (1967), have specifically attempted to 
accelerate classification, of the two, the latter has appe- 
ared more successful, although the lack of controls precludes 
any definite conclusions. Moreover, a recent study (Ahr & 
Youniss, 1970) has reported success in facilitating classify 
icatory behavior through a correction training procedure. 

The purpose of this study was to attempt to accelerate 
conservation, ordination, cardination, and classification 
operations in mentally retarded children who exhibit deficits 
in cognitive functioning (Inhelder, 1968) . Since retardates 
generally experience problems in arithmetic reasoning, as 
well as other areas, training in these operations which Piaget 
believes related to understanding of numbers should be of 
educational value. The specific hypotheses are: (a) conserv- 
ation can be accelerated in retardates, (b) ordination and 
cardination can be accelerated in retardates, (c) classific- 
ation can be accelerated in retardates, (d) conservation, 
ordination, cardination, and classification are related to 
mental age (MA), and (e) training on conservation, ordination, 
and classification affects arithmetic understanding. 

Method 

Subjects 

The Ss consisted of 71 retarded children (31 females and 
40 males) from elementary and intermediate Type A classes in 
five urban and rural schools. They were selected xrom a 
total sanqple of 95 Ss on the basis of performance on six Piag- 
etian tests— discontinuous quantity (DQ) conservation, corr- 
espondence (Corr) , continuous quantity (CQ) conservation, 
ordination (0), cardination (c), and additive composition of 
classes (ACC) • 

Twenty-four Ss from the total sample of 95 did not com- 
plete the study; 13 failed the vocabulary pretest, 3 were 
nontestable, 6 moved during the study, 1 was absent most of 
the time, and 1 passed all six Piagetian pretests. The 
latter S was eliminated from further participation in the 
study. The other Ss* moving and absences led to loss of 
their data during the course of the study. Ss were divided 
into three levels on the basis of ability on""the pretests and 
within each level were randomly assigned to experimental 
(training) or control conditions* 

The mean of the Stanford-Binet 10 scores for 69 Ss 
(other S*s scores were unavailable) was 74.75 (SD « 7732). 
The mean of their mental age (MA) was 8.05 (SD = 1.33), and 
the mean chronological age (CA) was 10.81 (sD = 1.73). The 
mean IQ for the control (N » 35) and experimental (N » 36) 
group was 73.34 and 76.21 which did not differ significantly 
(t « .156, £ ^.05) , 
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Procedure 



Table 2.1 shows the design of the study. All Ss 
received a vocabulary pretest followed by six Piagetian 

Table 2.1 

Design of the study showing the 
three levels and their different treatments. 



Level 1 



Level 2 



Level 3 



Pretests : 
DQ 

Corr 
CQ 
O 
C 

ACC 

Treatment ; 

ACC training 
(n = 6) vs. 
control (n = 8) 

Imnediate 
posttests : 

ACC 



Pretests : 

DQ 

Corr 

CQ 

O 

C 

ACC 

Treatment ; 

0, C, and ACC 
training (n = 12) 
vs. contol (n = 8) 

Immediate 
posttests: 

O 

C 

ACC 



Pretests : 

DQ 

Corr 

CQ 

0 

C 

ACC 

Treatment : 

DQ, Corr, O, C, and 
ACC training (n 3 18) 
vs. control (n = 14) 

Imnediate 
posttests: 

DO 

Corr 

DQ 

0 

C 

ACC 



Final posttests: Final posttests: Final posttests: 



DQ 

Corr 
CQ 
O 
C 

ACC 



DQ 
Corr 

CQ 

0 

C 

ACC 



DQ 

Corr 

CQ 

0 

C 

ACC 



tests. On the basis of judged stages on the pretests, Ss 
were placed into three levels. The stages based on Piaget's 
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criteria were determined for the DQ, Corr, and CQ pretests 
as follows: Stage one was complete failure by S to give any 
conserving responses to questions asked after* each transform- 
ation performed on the experimental materials. Stage two 
was characterized by conflict where S was inconsistent, some- 
times conserving ana sometimes not. ""stage three was charact- 
erized by consistent conservation after all transformations. 

For the 0 and C pretests, stage one consisted of in- 
ability to construct an ordered series. Stage two was descr- 
ibed by the ability to construct an ordered series after 
trial and error and inconsistent response to questions about 
the series, particularly those in which the materials were 
put into random order. Stage three consisted of quick and 
confident construction cf the series and correct responses 
to all questions* 

For the ACC pretest, stage one was characterized by 
complete failure to respond correctly to classification 
questions. Stage two was characterized by inconsistent res- 
ponding, whereas stage three was described by correct res- 
ponses to all classification questions. 

Level three. All Ss who were at stage one or two on all 
six pretests were assigned to level three. These Ss were 
randomly divided into a control and experimental condition. 
The latter group was given training related to discontinuous 
quantity conservation, correspondence, ordination, cardinat- 
ion, and additive composition of classes. No continuous 
quantity conservation training was given since Experiment I 
indicated that discontinuous quantity training had a highly 
facilitating effect on continuous quantity conservation. The 
control Ss received play sessions with clay equal to the 
average number of one-half hour training sessions the exper- 
imental Ss needed for criterion on all five of the above 
training tasks successively. The mean number of sessions for 
DQ, Corr, 0, C, and ACC training was 1.66, 1.52, 1.52, 1.86, 
and 1.53 respectively. 

Level two. Ss who showed high performance on DQ, Corr, 
and CQ but were at stage one or two on either 0 or C and ACC 
were placed at level two. These Ss were also randomly 
assigned to a control or experimental group. Ss in the lat- 
ter group were given training relating to ordination, cardin* 
at ion, and additive composition of classes. All experimental 
Ss in level two received both ordination and cardination 
training since it was believed that these are related (Piaget, 
1952, p. 122). Control Ss received play sessions with clay 
equal to the average number of training sessions the experim- 
ental Ss needed to reach criterion on the three training 
tasks successively. The mean number of one-half hour sessions 
needed for criterion on 0, C, and ACC training was 1.33, 1.46, 
and 1.00 respectively. 



32 



Level one > Finally, Ss who were found to be at stages 
one or two on the ACC pretest only comprised level one. 
These Ss were randomly assigned to a control or experimental 
group. The latter was given training related to additive 
composition of classes. Control Ss received pla*/ sessions 
with clay equal to the average nunlber of sessions the exp- 
erimental Ss needed to reach criterion on the ACC training 
task. The mean number of one-half hour sessions needed for 
criterion on ACC training was 1.08. 

The assignment of Ss to the above levels appeared quite 
natural since the order of difficulty of the pretests, from 
easiest to most difficult, was found to be DQ, Corr, CQ, C, 
0, and ACC. An immediate posttest, identical to the pre- 
tests, was given after each experimental S reached criter- 
ion on a particular task. To control for""number of expos- 
ures to tests, control Ss received the same immediate 
posttests as their experimental counterparts within the 
same level. Pinal posttests, also identical to the pre- 
tests, were given to all Ss. All of the above sessions were 
individualized; an observer (0) recorded all responses. 
Five Es interchanged the roles of E and 0, using standard- 
ized procedures for both testing and training. 

Pretests 

The pretests were administered in two one-half hour 
sessions. The vocabulary pretest and the DQ, Corr, and CQ 
conservation pretests were given in the first session; the 
0, C, and ACC pretests were given in the second session. 
The order of the pretests below was the same for all Ss. 

Vocabulary pretest . A vocabulary pretest (see Appendix 
B) was administered before the six Piagetian pretests to 
establish that S understood the meaning of words used on the 
pretests. These words included "same," "more," "smallest," 
"next smallest," "biggest," "next biggest," "shortest,'' 
"next shortest," "tallest," "next tallest," "in front of," 
"in back of," "between," "first," "last," "second," "third," 
"seventh," "ninth," and "tenth." Understanding of these 
words was tested by asking S to point to materials illustr- 
ating the meaning of the wo7d. Ss not exhibiting knowledge 
of these terms were eliminated f7om participation in the 
study; 13 Ss were discarded for this reason. 

Discontinuous quantity (DQ) conservation pretest s This 
pretest was identical to the one given in Experiment I. A 
detailed version is Included in Appendix C. E gave £ his 
choice in color of wooden beads. E and S each then placed 
an equal number of beads into two 600 mlT glass beakers, one 
at a time, and E asked if both had the same number of, or 
if one had more, beads in their beakers. After equivalence 
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was established, E asked whether necklaces made from the 
beads would be the same length or if one would be longer. 
Following this, a series of transformations were made, i.e., 
E poured S's beads into a 150 ml. beaker, into a 150 x 75 mm. 
glass dish, divided them between two 250 ml. beakers, and 
then among four 150 ml. beakers. After each transformation, 
E asked S whether he had the same number of beads as E and 
whether necklaces made from their beads would be the same 
length. All questions were in the form of a forced-choice 
of "same'' or "more/longer, " and reasons were asked for each 
answer. 

Correspondence (Corr) pretest s Although some changes 
were made, the Corr pretest was similar to that used in 
Experiment !• A detailed version of this pretest is incl- 
uded in Appendix E. E gave S his choice in color of plastic 
chips* E then constructed a*"series of models and asked S to 
"take the same number of chips from your pile and make the 
same thing I just did." After S was satisfied that he had 
the same number of chips, E spread out (transformed) his 
model and asked if they stTll had the same number or if one 
had more* Moreover, E asked S to explain each answer. The 
models consisted of a cross of 9 chips, two parallel rows of 
7 chips each, and a rhombus of 12 chips respectively. After 
S completed each model with chips, he was given small sticks, 
and the procedure was repeated with the same model. 

Continuous quantity (CQ) conservation pretest . The CQ 
pretest is identical to the one used in Experiment I; a 
detailed version is found in Appendix F. E gave S his 
choice of two different colored clay balls* E then took the 
other ball and asked S if they had the same amount or if one 
had more. After equivalence had been established, E succes- 
sively transformed one ball of clay into a sausage, ^a pan- 
cake, two balls, three balls, four balls, and finally into a 
cup, a sausage, a pancake, and a cube* After each trans- 
formation, E again asked if they had the same amount or if 
one had more. Moreover, S was asked to give reasons for 
each of his answers. 

Ordination {O) pretest . A more detailed version of the 

0 pretest is included in Appendix G. The concept of a stair- 
way and steps in it was carefully explained. E then gave S 
eight sticks varying in height and asked him to construct a 
stairway. Next, E presented seven more sticks of varying 
heights which fit in the stairway and told S that these 
steps had been forgotten and must be put between the others 
to make a bigger stairway. After S finxshed, his errors 
were quickly corrected, and E constructed another stairway 
with narrower sticks above sjs stairway. Next, E, pointing 
to various steps successively on E*s stairway, sTated, "If 

1 climbed up this many steps on my stairway, point to the 
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step you would be on if you climbed the same number of steps 
in your stairway." This procedure was repeated with E*s 
stairway reversed and with S's stairway in random order^ 

Cardination (C) pretest . For a more detailed copy of 
the C pretest, see Appendix H. E presented S with ten 
blocks from IxltolxlxlO Inches and asked S to make a 
stairway. It was pointed out that the blocks were special 
so that the second block could be cut into two blocks like 
the first, the third block could be cut into three blocks 
like the first, and so on. E asked S how many blocks like 
the first one could be made from the fifth, seventh, and 
tenth blocks successively. Next, E pointed one at a time to 
two other blocks and asked 3 how many blocks like the first 
could be made out of each. Finally, the blocks were put in 
random order, and E successively pointed to five different 
blocks and asked S how many blocks like the first could be 
made out of them. 

Additiv e composition of classes (ACC) pretest . A de- 
tailed copy of the ACC pretest is included in J^pendix I. 
E presented S with three red and seven blue cloth (felt) 
squares and asked if all of the colored squares were made of 
cloth. After S answered in the affirmative, E asked if there 
were more blue or more cloth squares and whether a row of the 
blue squares or one of the cloth squares would be longer. 
Next, twelve extra red squares were added, and E asked wheth- 
er there were now more cloth or more blue squares. Moreover, 
E asked if there were more cloth squares or more red squares. 
The twelve red squares were removed, and a can was placed 
before S. E asked whether there would be any squares left 
outside the can if all the cloth squares were placed in the 
can. E also asked whether there would be any squares left 
outside if all the blue squares were put inside th'5 can. 
Finally, E again asked if all the squares were made of cloth 
and repeated the first two questions. 

Treatment 

The Ss were assigned to the three levels on basis of 
performance on the six pretests. Within each level, Ss were 
randomly assigned to an experimental or control condition. 
Control Ss received play sessions with clay. Depending on 
their level, experimental Ss received training on discontin- 
uous quantity, correspondeiice, ordination, cardination, and 
additive composition of classes following a standardized 
procedure. Each treatment session was approximately one- 
half hour long. 

Discontinuous quantity (PQ) conservation training . The 
training procedure was identical to that used in Experiment I 
(see Appendix K for the complete version) . There were two 
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separate training tasks. For the first task, the materials 
consisted of three dozen rectangular erasers and six rect- 
angular boxes of varying dimensions. E first presented two 
small boxes^ identical in size and shape with the instruct- 
ions^ "Every time I put an eraser in my box^ you put one in 
yours This operation was carried out until erasers covered 
the bottoms in a single layer. The two boxes had been con- 
structed so that ten erasers exactly covered the bottom. 
After equivalence of number of erasers had been established^ 
four boxes of different measurements^ all larger than the 
original^ were presented in succession. The following steps 
(see Table 1.2 in Experiment l)^ training cycle one, were 
carried out with each box individually, with S*s erasers 
divided between two of the varied boxes, with S*s erasers 
divided among the four boxes, and finally with""two erasers 
added to S's erasers after transformation for training on a 
nonequivaTent transform: (a) Equivalence of erasers was est- 
ablished in the two equal boxes; (b) The transformation was 
carried out by pouring S's erasers in the larger box(es); 
(c) S was asked whether E and S had the same number of eras- 
ers after the transformation; and (d) The transformation was 
then reversed (S's erasers were returned one at a time to 
the original box) . 

If S failed to exhibit conserving responses in cycle 
one, traTning cycle two was immediately carried out with the 
same box(es). The first three steps of cycle two were iden- 
tical to those in cycle one (a, b, and c) . If S again 
stated he had more erasers after the transformation, he was 
asked to remove the extra ones, counting each removed eraser; 
if he said he had fewer erasers, he was asked to add erasers, 
keeping count of the added ones, until he felt the amounts 
were equivalent. The transformation was then reversed. If 
S had taken away some erasers, the remaining erasers would 
not have covered the bottom of the box. It was then shown 
that the number of erasers S had taken away and the number 
needed to cover the bottom were the same. On the other hand, 
if S had added erasers, there would have been more erasers 
than needed to cover the bottom. It was then pointed out 
that the number of extra erasers and the number S had added 
were the same. 

The second training task consisted of rhythm sticks and 
six decorated cans of various sizes. The two smallest cans 
of equal size were used to establish equivalence; exactly 12 
sticks fitted into each of these cans. After S had establ- 
ished equivalence of the number of sticks, E performed the 
various transformations by transferring S*s sticks into the 
larger cans. The same training cycles used with erasers and 
boxes were carried out with S's sticks in each successive 
can, divided between two can¥, divided among four cans, and 
finally with two sticks added to S's sticks after transform- 
ation to serve for training on a nonequivalent transform. 
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Training with erasers and boxes and sticks and cans was 
alternated in half-hour training sessions until criterion 
was reached on both. S reached criterion when he completed 
all transformations successively without error. Following 
criterion^ S was given an immediate posttest identical to 
the DQ pretest. Only the experimental Ss in level three 
received DQ training, although both exp<erimental and control 
Ss in level three received the DQ immediate posttest to 
equate for number of test exposures. 

Correspondence (Corr) training . This procedure (see 
Appendix M) was designed to encourage S to determine whether 
he had the same number of objects as jE^had in a model, 
rather than training for conservation, since Ss had already 
received DQ training. The materials consisted of tiny cans 
(35 mm. film containers) and their caps. E put out a number 
of cans as a model and asked S how many cans there were. 
After S had counted the number- of cans, E asked S to take 
out the same number of caps and make the same thXng as E 
had. When S had finisheci, E asked if there were the same 
number of caps as cans, and"^S*s response was checked by put- 
ting the caps on the cans. This procedure was followed with 
14 different models until S reached criterion. S reached 
criterion when he was able to take out the correct number 
for all 14 models successively. An immediate posttest, 
identical to the Corr pretest, was given after S reached 
criterion. Although only the experim-^ntal Ss iri level three 
received Corr training, the control, as welT as experimental, 
Ss received the Corr immediate posttest to equate number of 
test exposures. 

Ordination (o) training . The materials (see Appendix 0) 
consisted of one-eyed wooden "people" of varied heights 
called Zerbils and their homes (wooden doors of corresponding 
heights) . E told S that Zerbils always walked in a straight 
line from smallest"*to tallest so that they could see over 
the head of the Zerbll in front in case of danger. E then 
asked S to order the Zerbils from smallest to tallest so that 
each Zerbil could see over the head of the one in fronts 
Next, E presented the doors with instructions that the Zerb- 
ils lived in invisible houses with visible doors and asked S 
to place the doors from smallest to tallest like the Zerbils 
so that each Zerbll could easily find his house. Finally, 
after reversing the order of one series, as well as putting 
the Zerbils in random order, E asked S to find the homes 
belonging to selected ZerbilsT ^ 

The training procedure was individually programmed so 
that if S failed, he was immediately given an extra training 
loop which allowed him to correct his error. Criterion was 
reached when S was able to carry out all the above operations 
without any errors. An immediate posttest identical to the 
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0 pretest was given after ^ reached criterion* Experimental 
Ss in levels three and two received 0 training. Control Ss 
in the same levels were given the O immediate posttest* 

Cardinat ion (C) training > There were two parts to this 
procedure (see Appendix P) . In the first part, E presented 
15 blocks, each of a cubic inch, and asked S to make a stair- 
way with the first step having one block and the last having 
five blocks. E then asked how many more blocks some steps 
had than others and how many blocks needed to be added or 
taken away to make two steps the same in height . 

For the second part, E presented six strips of felt from 

1 X 1 to 1 X 6 inches and asked S to make a stairway. E then 
asked how many pieces like the first step in the stairway 
could be made out of the other steps. Each response was 
checked by placing extra 1-inch squares of a different color 
on the strip in question. Following this, E presented sev- 
eral strips of felt, 1x3 inches, and demonstrated that 
these were equal to the third step. E then asked how many 
pieces like the third step could be made out of the sixth 
step. Moreover, it was illustrated that three steps like 
the first one made up the third step and two steps like the 
third made up the sixth step; therefore, three units taken 
two times equals six. Next, E removed the extra felt pieces 
and asked S to add steps seven through ten (1 x 7 to 1 x 10 
inches) to the stairway. Finally, E asked how many pieces 
like the first one could be made out of the various steps 
both with the steps as a stairway and in random order. 

The training procedure was individualized so that if S 
responded incorrectly, he was immediately given an extra 
training loop on that step and allowed to correct his error. 
Criterion was reached when S was able to perform each part 
of the training procedure wTthout error. After S reached 
criterion, an immediate posttest, identical to the C pre- 
test, was given. Experimental Ss in levels three and two 
were given C training. Control"*Ss in the same levels rece- 
ived the C immediate posttest. 

Additive composition of classes (ACC) training . The 
training procedure for ACC (see Appendix Q) was similar to 
that used by Morf (1959) in his first e^qperiment, except the 
present method was standardized and Ss were trained to crit- 
erion. This procedure, as the one above, consisted of two 
parts. For the first part, E presented two round yellow 
beads, eight round green beads, and five square blue beads, 
all made of wood, and asked S if there were more green beads 
or more round beads. His answer was checked by using a 
notched wooden rectangle which allowed the green beads and 
then all the round beads to be put in a row so that a comp- 
arison could be made. 
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Next^ E said that a girl wanted to make a necklace of 
round beads only and asked S what colors the beads in the 
necklace would be. E further asked, •'Which necklace would 
be longer, one of round beads or one of green beads?" S*s 
answer was checked by actually putting the beads on a string 
with the round green ones first and then adding the round 
yellow ones. Next, the beads were exchanged so that there 
were two round green beads, eight round yellow beads, and 
five square blue beads. The above procedure was repeated 
except E asked S to compare the number of yellow, rather 
than green, beads with the number of round beads. Finally, 
E asked S to focus attention upon the round beads and 
wooden ones. The same procedure was carried out again except 
this time S was asked to compare the number of round beads 
with the number of wooden ones. 

For the second part, E presented two blue and eight 
orange wooden rhythm sticks and asked whether there were 
more orange or more wooden sticks. S*s answers were checked 
by lining the sticks up, first only the orange ones and then 
all of them. The sticks were then exchanged so that there 
were two orange and eight blue sticks, and E asked whether 
there were more blue or more wooden sticks.** Finally, four 
blue wooden blocks were added and E asked if there were more 
blue things or more wooden things.*^ 

The training procedure was individually programmed so 
that if an S made an error, he was immediately given an extra 
training loop and allowed to correct his error. Criterion 
was reached when S was able ro complete both parts without 
error. An immediate posttest, identical to the ACC pretest, 
was given following criterion. Experimental Ss in all three 
levels received ACC training. Control Ss in all levels 
received the ACC immediate posttest. 

Final posttests 

The six final posttests, identical to the six pretests, 
were administered at least one week after the immediate 
posttest. In some cases, however, there was approximately a 
three week's delay between the two posttests. The lack of a 
consistent time limit resulted from the variable time between 
S's reaching criterion on each task and the final posttests 
given as a block in two sessions. An attempt was made to 
keep the delay to approximately a week by administering the 
first three posttests as one session before S had reached 
criterion on 0, C, and ACC training for level three. Since 
the order of the training was the same from DQ to ACC train- 
ing, there was a longer delay between the immediate and final 
posttests on DQ, O, and C. 

Mathematical teat 

All Ss were given tests in mathematics from the Cooper- 
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ative Primary Test series. Mathematics Form 12A was given 
prior to participation in the study, and Mathematics Form 12B 
was given approximately five months later, iimiediately after 
posttesting was completed. Finally, an attempt was made to 
give Mathematics Form 12A a^^.n a year after Ss had received 
Form 12B. ~ 

The purpose of administering such a test was to deter- 
mine whether training affects arithmetic ability. The 
selection of a test was quite difficult since the usual prob- 
lem of measuring the effects of a new program was obvious. 
The question was whether to use the tri^ditional achievement 
tests or whether to develop new ones more attuned to measur- 
ing the abilities dealt with in this project. After consider- 
ation of different achievement tests, as well as the time 
element, it was decided to administer the above standardized 
tests. 



Results 

Stages on each of the six pretests were determined for 
all Ss who completed the pretest sessions. The scoring of 
the stages was on a five-point, rather than three-point, 
scale in order to facilitate scorina the transitions between 
stages. Two judges independently scored 33 Ss on the six 
pretests. Spearman rank correlation coefficients between the 
two judges were .94, .81, .97, .81, .91, and .97 for DQ, Corr, 
CQ, 0, C, ana ACC respectively. One of the judges then rated 
stages for the remaining Ss on the six pretests. 

Because the tests had unequal numbers o; questions, the 
amount correct was computed as the percentaae of total pos- 
sible correct for comparison purposes. Figures 2.1, 2.2, and 
2.3 show for each level the mean percentage correct for the 
experimental and control groups on the pre- and final posttests. 

The data from the immediate posttest which was given 
upon S's reaching criterion were compared with the data from 
the final posttest given approximately one to three weeks 
later by means of the t test for related samples. No signi- 
ficant differences (£>.05) were found between any of the two 
posttests (t » .51, df = 17; t = .18, df = 17; t = l.CO, 
df = 29; t = .99, df » 29; and t = .99, df = 35''for the DQ, 
Corr, 0, C, and ACC respectively) . 

The final posttest data were subjected to treatments x 
levels analyses of variance adjusted for the disproportionate 
number in the groups. Aii arcsin transformation was perform- 
ed since the data were reported in percentages. A separate 
analysis of variance was performed for ea-h of the six post- 
tests. A significant treatment effect (df » 1/65, p^.oi) 

°" ^^"^^ posttests (P a 50.92, 22.12, 41.73, 

17.67, 11.00, and 292.48 for the DQ, Corr, CQ, 0, C, and ACC 
posttests respectively), indicating that the experimental 
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group differed from the control group on all posttests. A 
significant level effect (df = 2/65, £<.01) was found on all 

Table 2.2 

Significant differences between levels 
within the experimental and control groups. 





Test 




Experimantal 


Control 


Levels 


4 ^2 ^3 


^1 4 ^3 
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ACC 
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The asterick indicates that the levels differed 
beyond the .05 level. 
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final posttests except ACC (df = 2/65, .05) , indicating 
the superiority of some leveTTs) (F = 30.60, 35.64, 20.00, 
8.95, 22.22, and 2.90 for the DQ, Corr, CQ, O, C, and ACC 
posttests respectively) . A significant interaction (df « 2/65, 
£<.01), Treatments x Levels, was found for the DQ, Corr, and 
CQ final posttests only (F = 28.88, 5.83, and 16,36 respect- 
ively) . The Treatments x*"Levels interaction was not signifi- 
cant (df =1 2/65, £>.05) for the O, C, and ACC posttests 
(F =r .77, 2.62, and 1.35 for the 0, C, and ACC posttests 
respectively) . 

Multiple comparisons among the levels within each treat- 
ment group were made by means of the Newman- Keuls test at the 
.05 level. Table 2.2 summarizes the differences found between 
levels within the control and experimental groups. Multi- 
ple comparisons were also made between the experimental and 
control groups within each level by means of 1 x 2 analyses 
of variance. Table 2.3 summarizes the differences found 
between the experimental and control groups at the three 
levels. 

Table 2. 3 

Differences between the experimental and 
control groups by levels on the six final posttests. 



Final 




Levels 




Posttest 


1 


2 


3 


OQ 








Corr 






ETC 


CO 






E:rC 


0 




E>C 


Eye 


C 






E>C 


ACC 




E^C 


E^C 



The experimental group was significantly superior 
to the control group beyond the .05 level. 



In order to distinguish between a response set to say 
"same" and the actual acquisition of conservation, the ex- 
planations for answers on the DQ, Corr, and CQ posttests 
were examined for the control and experimental Ss who were 
trained in conservation. Tables 2.4, 2.5, and 2.6 show the 
distribution of experimental and control Ss in level three 
who gave at least one conseirving reason for their answers on 
the DQ, Corr, and CQ posttests respectively. The experimen- 
tal and control groups differed significantly in proportion 
of Ss who reported conserving reasons on all three tests 
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Table 2.4 

Distribution of ejqperimental and control Ss in 
level three who gave conserving reasons on the DQ posttest. 



Group 


No conserving 
reason 


At least one 
conserving 
reason 


Total 


Experimental 


2 


16 


18 


Control 


10 


4 


14 


TotrJ 


12 


20 


32 



Table 2.5 

Distribution of experimental and control Ss in 
level three who gave conserving reasons on the Corr posttest. 



Group 



No conserving 
reason 



At least one 
conserving 
reason 



Total 



Experimental 
Control 
Total 



3 
10 
13 



15 
4 
19 



18 
14 

32 



Table 2.6 

Distribution of experimental and control Ss in 
level three who gave conserving reasons on the CQ posttest. 



Group 



No conserving 
reason 



At least one 
conserving 
reason 



Total 



Experimental 
Control 
Total 



4 
11 

15 



14 
3 
17 



18 
14 

32 



(X^ = 9.79, df = 1, 2<.01; = 7.65, df = R<'01} and 
x7 = 7.91, df = 1, £<.0l on"*the DQ, Corr, and CQ posttests 
TespectivelyT. 

Moreover, the reliability of the six tests was determined 
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by examining the correlations between the pre- and poatteat 
scores for the control group which received no training. Tha 
Pearson product-moment correlation coefficients between pre- 
and posttest scores were .83, .86, .78, .53, .48, and .27 for 
the DQ, Corr, CQ, O, C, and ACC tests respectively. 

Relationships among the pretests were examined by means 
of Pearson product-moment correlations between pretest scores 
for all Ss. Table 2.7 shows the correlation coefficients 
between the six pretests. All tests, except ACC, showed 

Table 2.7 

Relationships among the six Piagetian pretests. 



Tests 

Tests DQ Corr CQ 0 C ACC 

DQ . 92** . 91** . 53** . 40** - . 27* 

Corr .90** .60** .39** -.37** 

CQ .55** .40** -.21 

O .34** -.36** 

C -.08 
ACC 



** £<.01, df = 69 
* £< .05, df = 69 

significant positive correlations with each other. The ACC 
test, on the other hand, showed significant negative correl- 
ations with DQ, Corr, and O. ACC and CQ as well as ACC and 
C were not significantly related. 

The relationships between the pretests and individual 
differences, such as CA, MA, and IQ were also examined. The 
Pearson product-moment correlation coefficients are presented 
in Table 2.8. Significant positive relationships were found 
between MA and the DQ, Corr, CQ, 0, and C pretest scores and 
between CA and the DQ, Corr, CQ, 0, and C pretest scores. 
Significant positive relationships were also found between 
the first given mathematics test. Form 12A, and the DQ, Corr, 
CQ, and 0 pretest scores. 

The control and experimental groups* performance (see 
Table 2. 9 ) on the mathematical tests were examined by means 
of the t test. Each level was considered separately since it 
was believed that level three which received five different 
types of training would show more effect than level one which 
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Table 2.e 

Relationships between the 
six Piagetian pretests and IQ, MA, and CA. 









Pretests 








DO 


Corr 


CQ 


0 


C 


ACC 


IQ 


.12 


.17 


.14 


.20 


.18 


-.02 


MA 


.64** 


.65** 


.62** 


.53** 


.49** 


-.20 


CO 


.56** 


.54** 


.53** 


.41** 


.40** 


-.19 


Math 12A 


.36** 


.33** 


.32** 


.36** 


.27 


-.20 



**£<.01, df = 67, 69 



Table 2.9 

Performance of the experimental 
and control Ss on the mathematical tests. 









Experimental 




Control 




Test 


Level 


n 


Mean 

score 


SD 


n 


Mean 

score 


SD 




h 


6 


41.50 


5.99 


8 


33.75 


21.03 


Math 12A 




12 


28.67 


17.78 


13 


35.46 


12.75 






18 


26.67 


11.10 


14 


20.79 


12.56 




h 


6 


40.33 


4.76 


8 


43.00 


4.21 


Math 12B 




12 


35.67 


7.52 


13 


34.69 


11.70 






18 


26.39 


10.03 


14 


21.07 


9.78 






4 


45.00 


4.00 


3 


47.00 


2.08 


Math 12A 
(Retest) 


^2 


7 


41.57 


3.26 


5 


42.20 


5.22 




4 


11 


36.00 


6.66 


7 


29.86 


5.34 



received only ACu training. Before training, no significant 
differences (2> .05) were found between the control and exper- 
imental groups at the three levels on Fonn 12A (t = .87, 
^ » 12; t » 1.11, d^ = 23; and t = 1.40, df = 30 for levels 
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one, two, and three respectively) • Moreover^ no signifi- 
cant differences (2>.05) were found between the experi- 
mental and control group at the three levels on Form 12B 
given right after final posttesting (t =1.22^ df = 12; 
t = .25, df = 23; and t = 1.69, df » To for levels one, two, 
and three respectivelyj, although the difference at level 
three approaches signif icanocat the .05 level for a one- 
tailed test. Finally, the data from Form 12A, given one 
year after completion of the study, were analyzed. Data 
from only 37 of the 71 original Ss were available. No sig- 
nificant differences were found between the experimental and 
control groups at levels one and two, although a significant 
difference was found at level three (t = .91, df = 5, £>,05; 
t = .26, df = 10, J2>.05; and t = 2.05, df = 16^ £Z.05 one- 
tailed). — ^ 

Moreover, relationships between training effectiveness 
as measured by the amount of improvement from pre- to post- 
test and individual differences were determined. Table 2,10 
shows the correlation coefficients between training effect- 
iveness and IQ, MA, CA, and pretest scores. The degrees of 

Table 2.10 

Relationships between test improvement from pre- to posttest 
and individual differences for the Ss who received training. 



Test 
Improvement 


IQ 


MA 


CA 


Pretest 
score 


DQ 


.22 


-.10 


-.23 


-.65** 


Corr 


.48 


.11 


-.02 


-.80** 


CQ 


.18 


.13 


.04 


-.96** 


0 


.17 


-.12 


-.20 


-.74** 


c 


-.04 


-.18 


-.16 


-.74** 


ACC 


.20 


.33 


.23 


-.73** 


** £<.0l, df 


= 16, 


28, 34 







freedom are different throughout the table since different 
numbers of Ss received each type of training depending on 
level. No significant relationships were found between 
training effectiveness and IQ, MA, or CA. Significant neg- 
ative relationships, however, were found between amount of 
improvement and pretest scores. 
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An analysis of variance for repeated measures was used 
to determine which was the easiest, or first occurring, of 
the six pretests. For the 71 Ss, means for the DQ, Corr, CQ, 
0, C, and ACC pretests were .66/ .64, .59, .46, .52, and .26 
respectively. The analysis of variance yielded significant 
r-jsults (F = 19.27, df = 5/350, £<.0l). The Newman-Keu3s 
test of multiple comparisons showed significant differences 
(£^•05 between Ss* performance on the DQ pretest and the 0, 
C, and ACC pretests (see Table 2.11). Differences were also 



Table 2.11 

Significant differences between 
performance on the six pretests. 



Test 




DQ 


Corr 


CQ 


6 


0 


ACC 




Mean 


.66 


.64 


.59 


.52 


.46 


.26 


DQ 


.66 








♦ 1 






Corr 


.64 








* 


* 




CQ 


.59 










* 




C 


.52 












* 


0 


.46 












* 


ACC 


.26 















The asterick indicates perfomroince on the two pre 
tests differs beyond the .05 level. 



found between performance on the Corr pretest and the 0, C, 
and ACC pretests and between performance on the CQ pretest 
and the 0 and ACC posttests. Moreover, performance on both 
the 0 and C pretests differed significantly from the ACC 
pretest. All other differences were nonsignificant* 

Discussion 

At level three, the experimental group was significantly 
superior to the control group on each of the final posttests 
(see Table 2.3) • The superiority of the experimental group 
in this level, at which Ss had previously failed all pretests, 
lends support to the first three hypotheses that conservation, 
ordination, cardination, and classification can be accelerated 
in retardates. The extent of the acceleration on DQ, Corr, 
CQ, 0, and C can be assessed by comparing the performance of 
level three with level one on the final posttests (see 
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Table 2.2). The latter level reflected maximum performance 
on these tests since Ss who were at Piaget's stage three 
on all tests except ACC were assigned to level one. Signif- 
icant differences between level one and three in the exper- 
imental group were found only on the Corr and C posttests, 
indicating that Corr and C training were not optimally 
beneficial to Ss at level three. DQ and 0 training^ on the 
other hand, appear to have been optimally effective since 
level three did not differ significantly from level one in 
the experimental group, although there was such e difference 
in the control group. It also appears as if training on DQ 
transferred to CQ since optimal performance was also found 
on the CQ post test. These results are similar to those pre- 
viously found in Experiment I. Moreover, ACC training also 
appears to have been extremely beneficial for Ss in level 



ACC. Although the control qfroup showed poor performance on 
both the ACC pre- and posttest at all levels (see Figures) 
the experimental group which also had shown poor pretest 
performance performed near maximum at all levels on the 
posttest. 

At level two, the experimental group was significantly 
superior to the control on the 0 and ACC posttests (see 
Table 2.3)/ indicating that 0 and ACC training facilitated 
performance. Since no difference was found between level 
two and one within the experimental group for these tests, 
0 training appears to have been optimally beneficial. More- 
over, ACC posttest scores were near maximum so ACC training 
also appeared highly beneficial. C training, on the other 
hand, appears to have been ineffective at level two. One 
must note, however, a sizeable increase from pretest to 
posttest in the control group (see Figure 2.2). It is pos- 
sible that being given both the C and O test, which is 
related to C, three times each may have been in itself ben- 
eficial to these Ss who were intermediate in performance. 
That is, learning may have taken place with each presenta- 
tion of the tests so that the control group became compar- 
able to the experimental group in performance on the C test. 

At level one, all were originally low in performance 
on the ACC pretest. On the final posttest, however, the 
experimental group was significantly superior to the control 
group, indicating that ACC training was effective. More- 
over, the experimental group showed near perfect performance, 
indicating that ACC training was optimally effective. 

The above results indicate that retardates can be taught 
conservation, ordination, cardination, and classification as 
demonstrated by data from Ss in level three (Piaget's stage 
one). The experimental group was significantly superior to 
control group on all posttests, thus supporting hypotheses 
a, b, and c. Moreover, DQ, 0 and ACC training appear to 




among the three levels on 
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have been optimally beneficial. For Ss with intermediate 
ability^ moreover^ O and ACC training"*procedures were effect- 
ive, but C was not. ACC training, on the other hand, appeared 
optimally effective. 

A unique problem with DQ conservation training is the 
issue of whether the Ss acquired a response set to say ••same" 
or whether they actually acquired conservation. In this 
study, similar to Experiment I, Ss appeared to acquire con- 
servation. The high proportion of Ss in the experimental 
versus control group (see Tables 2."?, 2.5, and 2.6) who gave 
conserving reasons lends support to this conclusion. More- 
over, Ss in this study were also trained on nonequivalent 
transformations in which the correct response was not ••same.** 
The latter particularly would not lead to a response set to 
say ••same^^ since at some poinc in training this response was 
incorrect. 

The coefficients of stability for the six pretests show 
that DQ, Corr, and CQ have a fairly high degree of reliabil- 
ity (.81, .86, and .78 respectively). The coefficients of 
the remaining three tests, O, C, and ACC, showed only moder- 
ate or little reliability (.53, .48, and .27 for 0, C, and 
ACC respectively) . It is interesting to note, however, that 
reliability generally decreased with test difficulty. The 
decrease in reliability probably resulted from the more 
restricted range of scores on the difficult tests, particul- 
arly ACC on which all Ss showed low performance. 

The correlations between the six pretests showed strong 
positive relationships among the three conservation pretests, 
DQ, Corr, and CQ (see Table 2.7). Moreover, 0 appeared more 
strongly related to the conservation tests than did C, and 
0 and C were not as strongly related as expected, thus lend- 
ing little support to Piaget's hypothesis that ••cardination 
always involves ordination, and vice versa...'' (Piaget 1952, 
p. 122) . On the other hand, ACC showed negative relation- 
ships with the DQ, Corr, and 0 tests. It appears that Ss 
who did more poorly on these three tests tended to score 
higher on ACC; the Figures show an increase in mean ACC pre- 
test scores from level one to three. 

IQ score does not appear to be related to performance on 
the Piagetian pretests (see Table 2.8). On the other hand, 
similar to findings in other studies, (Experiment I; Achen- 
bach, 1969; Goldschmid, 1967; Kooistra, 1963) performance on 
the pretests, except ACC, appeared to be highly related to MA. 
Moreover, performance on all pretests, except ACC, appeared 
to be related to CA. 

On the other hand, no relations were found between MA, 
CA, or IQ and training effectiveness as measured by amount of 
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improvement from pre- to posttest (see Table 2.10). It 
app»jiars that training was not selectively beneficial to Ss 
depending on their IQs or CAs. On the other hand, the lower 
an S's score on the pretest, the more likely he was to show 
large improvement after training. The higher the pretest 
score, of course, the less improvement possible. Conse«- 
quently, the significant negative relationships between 
pretests and improvement indicate that training was gener- 
ally successful regardless of S's performance on the pre- 
test. The above results are in contrast to those of 
previous studies (Beilin, 1965; Lumsden & Kling, 1969; Over- 
beck & Schwartz, 1970; Strauss & Langer, 1970) but in agree- 
ment with those of Experiment I. It appears that neither 
CA nor pretest performance were important factors in train- 
ing effectiveness. The general training effectiveness is 
believed to have resulted from the individual programming 
and running each S to criterion. 

Evidence for hypothesis five that training affects 
mathematical ability must be interpreted with caution since, 
although significant differences were obtained as expected 
at level three, only about one-half of the original Ss were 
available. Moreover, no differences were found between the 
e^erimental and control groups at level three on Form 12B, 
although it is likely that some time was needed before the 
effects of training on arithmetic ability were apparent. 
Lack of strong, conclusive results may indicate that conser- 
vation, ordination and cardination, and additive classes 
training is unrelated to arithmetic ability. The results of 
this study and others (Dodwell, 1961; Hood/ 1962), however, 
indicate a significant relationship between Piagetian con- 
cepts and mathematical ability. Furthermore, the above 
results may indicate that conservation, ordination, cardina- 
tion, and classification may be necessary, but not suffic- 
ient, conditions. Piaget (1952) and his colleagues were not 
concerned about the distinction between necessity and suf- 
ficiency and merely pointed out the necessity of conserva- 
tion. It is felt, however, that the reason for not obtain- 
ing more conclusive results is that the mathematical test 
measures abilities other than those accelerated by training. 
An inspection of the test showed very few items directly 
related to the training program, that is, Icems related to 
conservation, ordination, cardination, and classification. 
Consequently, the full benefit received by the experimental 
Ss probably could not have been measured by the mathematical 
test; nor could it have been measured by any of the other 
available standardized tests which are similar in emphasis. 

The repeated measures analysis of variance on the six 
pretests was used to determine which was the first occur- 
ring, or least difficult, of the six operations. In contrast 
to previous results (Experiment I), no significant differ- 
ences were found in performance on the DQ, Corr, and CQ tests 
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(see Table 2.11). Selection of Ss in the previous study, how- 
ever, may account for the difference since Ss were selected 
only if they failed the conservation precests. In the p'^es- 
ent study, Ss who failed the conservation pretests composed 
level three only. All other Ss passed these pretests, and, 
consequently, differences in performance on the conservation 
tests may not have been apparent in *:his study. The means, 
however, were similar in order to those obtained previously 
in Experiment I. Moreover, the 0 and C pretests did not 
differ in difficulty, and both were more difficult than the 
three conservation pretests. Finally, the ACC pretest 
appears to have been the most difficult; performance on it 
was significantly lower than performance on any of the other 
tests. 

In summary, the results of the study showed tha^ conser- 
vation can be accelerated, supporting the first hypothesis, 
although there was some question about whether Corr training 
was optimally effective. 0 and C training also appeared to 
be facilitating, lending qualified support for hypothesis 
two, although caution must be exercised since the effect of 
C training was not constant across all levels. In addition, 
training on classification (ACC) appeared to be optimally 
effective, thus supporting hypothesis three. Moreover, per- 
formance on all pretests, except ACC, was related to MA, 
supporting hypothesis four. On the other hand, evidence for 
the hypothesis that training affects arithmetic ability as 
measured by a standardized test appeared inconclusive. The 
results of this study indicate that it is possible to facil- 
itate Piagetian-type concepts in retardates through concen- 
trated training efforts. Moreover, some of the training 
procedures, namely DQ, 0, and ACC, were so effective that 
they allowed a retarded child originally at Piaget's preop- 
erational thought to show performance inc native of the 
Iw.vel of concrete operations. 
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Experiment III 



The Acquisition of Conservation of - 
Quantity by Institutionalized Retardates. 

ABSTRACT . The present study consisted of a replication 
of Experiment I with institutionalized retardates who 
were higher in CA and lower in MA than Ss in the pre- 
vious study. Forty-five nonconserving or partially 
conserving Ss were assigned to one of four treatmeint 
groups — discontinuous quantity training, correspondence 
training, continuous quantity training, and a control 
condition. The hypotheses were (a) conservation of 
quantity can be accelerated, (b) training effects on 
one form of conservation transfers to other forms of 
conservation, (c) ability to conserve is related to MA, 
and (d) discontinuous quantity conservation is easier 
than continuous quantity conservation. The results 
supported all, except hypothesis c. No relationship 
was found between pretest performance and MA. 

Considerable success has been experienced in recent 
years in accelerating cognitive development in normal child- 
ren. Few studies, however, have been concerned with accel- 
erating cognitive development in retarded children, in spite 
of its greater practical application. Lister (1969, 19*^0) 
has reported success in training educationally subnormal, or 
mildly retarded, children to conserve weight and volume; she 
used a variety of methods and materials in a flexible but 
standardized training procedure. Furthermore, Experiment I 
has shown success in accelerating conservation of quantity 
in educable retardates, and Experiment II has shown success 
•'n accelerating conservation of quantity, ordination, card- 
ination, and classification in educable retardates. The 
training procedures, which were standardized but individually 
programmed, were most facilitating for discontinuous quantity 
conservation, ordination, and classification. Generally, no 
relationships were loun'^ between individual differences, such 
as IQ, MA, or CA, and amount of improvement in performance 
after traininq, i.lthough significant positive relationships 
were fouaa between MA or CA and pretest scores. Of partic- 
ular interest also, were the significant negative relation- 
ships between improvement after training and pretest scores. 
The above findings indicate that training was generally 
effective regardless of S*s IQ score or age. 



Thiy study was done in collaboration with Dr. M. LeRoy 
Reynolds and Mrs. Jean Holland, both on the faculty of 
Central Michigan University, Mount Pleasant, Michigan. 
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In view of the general effectiveness of the training 
procedures in the previous studies, it was decided to exsun- 
ine their effectiveness with a different population. The 
present study consisted of an attempt to replicate the 
findings of Experiment I with institutionalized retardates 
whose IQs were lower and CAs were higher than those of Ss in 
the previous studies. It was believed, because of the over- 
all success of the training procedures regardless of individ- 
ual differences, that these training procedures would also 
be effective with institutionalized retardates. The specific 
hypotheses are (a) conservation of quantity can be acceler- 
ated in institutionalized retardates, (b) training effects 
on one form of conservation transfers to other forms of 
conservation, (c) ability to conserve before training is re- 
lated to MA, and (d) discontinuous quantity conservation is 
easier than continuous quantity conservation. 

Method 

Subjects 

Ss were 45 (24 trainable and 21 educable) retardates, 
22 females and 23 males, from a local institution for re- 
tarded t.iildren and adults. The Ss were selected from a 
sample of 52 testable Ss on the basis of performance on a 
vocabulary and three Piagetian conservation tests—discontin- 
uous quantity (DQ) , correspondence (Corr) , and continuous 
quantity (CQ) . Ss were selected for participation in the 
study if they passed the vocabulary test but failed to ex- 
hibit conservation on at least two of the three Piagetian 
pretests. 

The mean chronological age (CA) available for 44 of the 
Ss was 18.05 (SD = 6.78). The mean mental age (MA) available 
for 36 Ss was 6.47 (SD = 2.10). The mean Peabody Picture 
Vocabulary Test (PPVT) score available for 43 Ss was 52.32 
(SD 12.65). The 45 Ss were randomly assigned to four treat- 
ment groups, of which three received training and one served 
as a control. 

Procedure 

The design of this experiment (see Tabxe 3.1) was similar 
to Experiment I. All Ss were given three Piagetian tests upon 
passing the vocabulary pretest and, if not at Piaget's stage 
three on more than one of the pretests, they were randomly 
assigned to one of four treatment groups. Three of the groups 
were given training on oi e form of conservation, while the 
fourth was given a control task. Finally, all Ss, irrespect- 
ive of treatment, received the same three tests again as the 
final posttests. Three Es administered the testing and train- 
ing sessions following a standardized procedure. An E served 
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as an observer (o) and recorded all responses for each 
session. 



Table 3.1 

Design of study showing 
the four groups and their different treatments. 



DQ Training Corr Training CQ Training 



Control 



Pretests: 
DQ 

Corr 
CQ 

Treatment: 
DQ 

training 



Immediate 
posttest I 

DQ 

Final 
posttest J 

DQ 

Corr 
CQ 



Pretests: 

DQ 

Corr 

CQ 

Treatment J 

Corr 
training 



Immediate 
posttest 1 

Corr 

Final 
posttest! 

DQ 

Corr 
CQ 



Pretests: 
DQ 

Corr 
CQ 

Treatment J 
CQ 

training 



Immediate 
posttest! 

CQ 

Final 
posttesi:s 

DQ 

Corr 
CQ 



Pretests: 
DQ 

Corr 
CQ 

Treatment: 

Same as DQ 
training 
but with no 
reversals 

Immediate 
posttest: 

DQ 

Final 
posttest: 

DQ 

Corr 
CQ 



Pretests 

Vocabulary pretest s A vocabulary pretest was admin- 
istered to determine whether S understood the meaning of 
wordS/ such as "same^ " "more^" "less^ " and "as many aS/ " 
used on the Piagetian tests. Ss not responding appropri- 
ately to verbal commands of at'^least "more" and "same" 
were eliminated from further participation in the study* 
All Ss who passed the vocabulary test were given the conser- 
vation tests in the following order: discontinuous q[uantity/ 
correspondence/ and continuous quantity conservation. 

Conservation of discontinuous quantity (DQ) pretest . 
The DQ test was identical to that given in Experiment 1. A 
detailed description of the test is included in Appendix C. 
S was given a choice of yellow or green beads. E and S 
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then placed their beads into two equal 600 ml* glass beakers, 
one at a time, and S was asked if they both had the same 
number of beads. After equivalence had been established, S 
was asked whether necklaces made from the beads would be the 
same length. A series of transformations followed: S's 
beads were poured from his 600 ml. beaker into a 150 ml. 
beaker, into a 150 x 75 mm. glass dish, divided into two 250 
ml. beakers, and then divided among four 150 ml. beakers. 
After each transformation, S was asked whether they had the 
same number of beads and whether necklaces made from their 
beads would be the same length. Reasons for each response 
were elicited. 

Correspo ndence (Corr) pretest . The Corr test was iden- 
tical to that used in Experiment II. For a detailed iescrip- 
tion of this test, see Appendix E. E constructed three 
models from plastic chips and asked S to **take the same 
number of chips from your pile and make the same thing I 
just did. The models consisted respectively of a cross of 
9 chips^ two parallel rows of 7 chips each, and a rhombus of 
12 chips. For each model, afte^- s was satisfied that he had 
put out the same number of chips, spread (transformed) the 
chips in the model and asked if they still had the same 
nximber* E also elicited reasons for S's response. The same 
procedure was repeated for each modelT but S was asked to 
duplicate the model with wooden sticks, instead of chips. 

Continuo us quantity (CQ) pretest . The CQ test was iden- 
tical to that in Experiment I. A more detailed description 
is given in Appendix F. S was given his choice of two 
colored clay balls. E took the other ball aad asked S if 
they had the same amount of clay# Adjustments were made 
until S believed the two amounts equal. E then successively 
transformed S's ball into a sausage, a pancake, two balls, 
three balls, four balls, and finally from the four balls 
into a sausage, a pancake, a cube, and a cup. After each 
transformation, S was asked if they had the same amount. S 
was also asked to give reasons for his responses. 

Treatment 

All Ss who were judged to be at stage three on more than 
one of the above three Piagetian tasks were eliminated from 
the study. The remaining Ss were randomly assigned to one of 
four treatment groups. Three groups received training re- 
lated to DQ, Corr, or CQ, and the fourth served as a control • 
Each treatment session approximated one-half hour in time. 

The training sessions were individually proarammed by 
the use of two training cycles for each transformation iden- 
tical to Study I (see Table 1.2). The first cycle consisted 
of (a) establishing equivalence between two quantities, (b) 
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transforming one quantity perceptually in form^ (c) having 
S judge the equivalence of the two quantities after the 
transformation, and (d) checking the correctness of S"s 
response by reversing the transform to its original state. 
If S gave an incorrect response on cycle one, cycle two 
immediately followed. For cycle two, steps a^ b, and c 
were identical to those above. If S still judged that the 
two quantities were unequal after transformation, he was 
asked to add or take away until he believed them equal. 
Again his response was checked by reversing the transform 
to its original state. S was then shown that the quantities 
were now unequal by the amount that he took away or added. 
Training was carried out to criterion on all training tasks. 
When cycle two was no longer needed for any part of the 
training task/ S was said to have reached criterion. 

DQ training group (n = 12) . The DQ training procedure 
was identical to that used in Experiment I. A more detailed 
version is included in Appendix K. The materials consisted 
of rectangular erasers with varying sizes of wooden boxes 
and sticks with varying sizes of decorated tin cans. Using 
the erasers and boxes, equivalence was first established by 
E and S each putting erasers in two small identical boxes, 
one at a time, until the bottoms were covered, and having 
S judge the equivalence of the two amounts. Then S's 
erasers were transformed by pouring them into the different 
sized boxes, dividing them between two boxes, and then 
dividing them among four boxes. Cycle one and cycle two, 
if necessary, were carried out for each of the above trans- 
forms. 

The same procedure was followed for sticks and canr . 
After S confirmed that there were two equal quantities of 
sticks in two small identical cans, transformations were 
carried out by spreading out S's sticks in a larger can or 
combination of cans. Cycle one and cycle two, if needed, 
were carried out for each of the above transforms. When 
criterion was reached, i.e., no errors were made on any of 
the tasks, an immediate posttest, identical to the DQ pre- 
test, was given. 

Corr training group (n « 9) . The Corr training pro- 
cedure was identical to that used in Experiment I. The 
original version is included in Appendix L. A quantity of 
35 mm. film containers (cans) and their covers were used as 
materials. Equivalence between number of covers and cans 
was established by having S put a cover on eight containers 
in a line. Transformations were made by removing the covers 
and putting them In front of the cans, but farther apart or 
closer together, if s failed to conserve after any trans- 
formation, cycle two was Immediately given. The above pro- 
cedure was carried out to criterion for a single row, an 
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open square, a closed square and a square of covers formed 
away from the square of cano. After criterion, which con- 
sisted of no errors, was r'^ached for each figure in succes- 
sion, an immediate posttejt, identical to the Corr pretest, 
was given. 

CQ training group (n = 10) , The CQ training procedure 
was also identical to that used in Experiment 1. A detailed 
copy is included in Appendix N. Equivalence was established 
by pouring equal amounts of ''pop" (colored water) into two 
600 ml. glass beakers. Following S's statement of equival- 
ence, his **pop" was poured successTvely into a 150 x 75 mm. 
glass dish; two 250 ml. beakers; one 250 ml. and two 150 ml. 
beakers; four 150 ml. beakers; and one 150 ml. beaker, one 
250 ml. beaker, one 600 ml. beaker, and one 150 x 75 mm. 
dish. Cycle one was carried out with each of the above trans- 
formations. If S failed to conserve^ cycle two was immedi- 
ately given for the same transform. S reached criterion when 
he was able to go through all transformations successively 
without error. Following criterion, an immediate posttest, 
identical to the CQ pretest, was administered. 

Control (C) group (n = 5) . The control procedure dif- 
fered from that used in Experiment I in which control Ss 
received play see:; ions with clay. The C group in the pres- 
ent study used the same materials, erasers with boxes and 
sticks with cans, as the DQ training group, but no reversals 
were made and no feedback was given as to the correctness of 
the response. Consequently, control Ss did not receive 
cycle two. Equivalence was established by putting the 
erasers/stickS/ one at a time, into two small equal boxes/ 
cans, and having Ss make a statement about their equivalence. 
Then the same serTes of transformations as given in DQ train- 
ing were carried out with each box/can or combination of 
boxes/cans, and S was asked about the equivalence of the two 
quantities after the transformation of one quantity. E did 
not respond to any of S's answers. When interest lagged, E 
and b engaged in a few minutes of play activity before con- 
tinuing. The number of sessions given the control Ss was 
determined by calculating the average number of sessions Ss 
in training groups needed to reach criterion. The average 
number of one-half hour training sessions needed was 3 for 
educable Ss and 3.5 for trainable Ss. On the final control 
session, each S received an immediate posttest, identical to 
the DQ pretest, in order to equate the number of tests given 
to the training and control groups* 

Final conservation posttests 

Besides the immediate posttests which were given upon 
S's reaching criterion, final posttests, identical to the DQ, 
Corr, and CQ pretests were individually administered to all 
^s at least one week after the immediate posttests* 
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Results 

The 52 pretested children were scored independently by 
two judges for Piaget's three stages on each of the conser- 
vation pretests. The judges rated the Ss on a scale of one 
to five in order to facilitate scoring transition between 
Piaget's three stages. Spearman rank correlations between 
judges were .90, .83, and .94 for the DQ, Corr, and CQ pre- 
tests respectively. Any S who was in the third stage 
(rated as four or five) on more than one of the pretests was 
dismissed from further participation in the study. Forty- 
five Ss remained in the study; however, data from 9 Ss later 
had to be eliminated from the study because their seasonal 
vacations occurred before they received the final posttests. 
Consequently, all of the data were collected from only 36 
Ss, although pretest data were available for 45 Ss. Unfor- 
tunately, 5 of the 9 Ss who were eliminated had been in the 
control group. Table 3.2 shows the number of Ss remaining 
in each group who were nonconservers, partial conservers, 
and total conservers on each pretest. 



Table 3.2 

Number of nonconservers, 
partial conservers, and total conservers 
in the four treatment groups on the three pretests. 



Group 


Test 


Non- 
conservers 


Partial 
conservers 


Total 
conservers 




DQ 


8 


4 


0 


DQ 


Corr 


12 


0 


0 


(n=12) 


CQ 


11 


0 


1 




DQ 


6 


3 


0 


Corr 


Corr 


5 


4 


0 


(n=9) 


CQ 


7 


1 


1 




DQ 


7 


3 


0 


CQ 


Corr 


7 


2 


1 


(n=:o) 


CQ 


9 


1 


0 




DQ 


4 


1 


0 


Control 


Corr 


4 


1 


0 


(n=5) 


CQ 


3 


2 


0 
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The number correct on each test was scored as the per- 
centage of total possible correct for comparison purposes, 
since each test had a different number of questions. 
Weighted means of the total pre- and posttests were computed 
by weighting Ss percentage correct by the number of questions 
on each test. Figure 3.1 illustrates the performance of the 
four groups on the pre- and posttests. 

The final posttests were subjected to analyses of covar- 
lance, with pretest scores as the covariate; an arcsin trans- 
formation of scores was made prior to analyses. Significant 
differences were found between groups on the Corr and CQ 
posttests only (F = 2.20, df = 3/31, £ v .05; F = 4.58, df = 
3/31, £<.01; and F = 4.55, df = 3/31, £<.01~for the DQT 
Corr, and CQ respectively). An analysis of covariance was 
also computed on the transformed weighted means of the post- 
tests. A significant difference was found between the groups' 
weighted means (F = 5.23, df = 3/31, £<.01). 

Multiple comparisons (Winer, 1962, p. 592) were made 
between the adjusted posttest means. Table 3.3 indicates the 
groups that differed significantly from each other. All 
training groups differed significantly from the control group 
on the Corr, CQ, and weighted mean of the total posttests. 
On the DQ posttest, however, no significant differences were 
found among the four groups. 

In order to determine whether there were differences 
between performance on the immediate and final posttests 
over a one-week interval, a matched t test was computed on 
the data from the experimental groups". No significant dif- 
ferences were found between the posttests (t = 1.40, df = 11, 
£>.05 for the DQ posttest; t = 1.06, df = 8, £>.05 for the 
Corr posttest; t = 1.25, df = 7, £>.05 for the CQ posttest). 

Pearson product-moment correlation coefficients were 
computed between the three pretests for all Ss to examine 
the amount of relationship between performance on the tests. 
The correlation coefficient between the DQ and Corr pretest,. 
was .37, df = 43, £<.05, between the Corr and CQ pretests 
was .43, df 43, £^.01, and between the DQ and CQ pretests 
was .50, df = 43, £^.01. 

Moreover, Pearson product-moment correlation coeffici- 
ents were used to examine the relationships between each 
pretest and measures of CA, MA, and IQ for all Ss in the 
study for whom these data were available. The coefficients 
between the pretests and each of the above measures are given 
in Table 3.4. No significant relationships were found. 
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Table 3.3 

Multiple comparisons 
between the adjusted posttest means. 



Posttests Groups DQ Corr CQ 



DQ 



Corr 



CQ 



DQ 
Corr 
CQ 
C 



*1 



DQ 

Corr - * 

CQ - * 

C 

DQ - ♦ 

Corr - * 

CQ - ♦ 

C 



DQ - * 

Corr - * 



Weighted 
Mean of 

Posttests CQ - * 



C 



^The asterick indicates that these groups differed 



significantly beyond the .05 level. 



The relationships between training effectiveness as 
measured by amount of test improv^ent after training and 
individual differences such as IQ^ MA, CA, and pretest 
scores were also examined. Table 3.5 shows the Pearson 
pcoduct--moment correlation coefficients between these vari- 
ables. No significant relationships were found between test 
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Table 3.4 

Relationships between the pretest 
scores and individual differences. 



Pretest 


IQ^ 




ca3 


DO 


.09 


.32 


.24 


Corr 


.06 


.00 


-.06 


CQ 


-.07 


-.14 


.05 



"-df = 41 
^df = 34 
^df = 42 



iinprovement and IQ, MA, or CA. Significant negative 
relationships, however, were found between amount of DQ 
improvement and DQ pretest score and between amount of 
Corr improvement and Corr pretest scores. On the other 
hand, no relationship was found between CQ improvement 
and CQ pretest scores. 



Table 3.5 

Relationships between test improvement from 
pre-* to posttest and individual differences. 



Test 
improvement 


IQ 


MA 


CA 


Pretest 
scores 


DQ 


.33 


-.37 


.21 


-.84** 


Corr 


.04 


.07 


-.12 


-.70** 


CQ 


.24 


.17 


-.03 


-.17 



E< .01, df = 29 



In order to determine which was the easiest of the 
three tests, an analysis of variance for repeated measures 
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was performed on the transformed pretest scores for all Ss. 
The means of the three pretests were .35^ .34^ and .20 for 
DQ/ Corr^ and CQ respectively. The analysis of variance 
showed significant differences in performance on the three 
tests (F « 6.72/ df = 2/70, £<.01). Multiple comparisons 
made by means of the Newman-Keuls test at the .05 level indi- 
cated that performance on the CQ test was significantly lower 
than on the DQ and Corr tests. No other differences were 
significant. 

Discussion 

The results of the analysis of covariance on final post- 
tests indicate that institutionalized retardates^ similar 
to educable retardates in Experiment I, are able to benefit 
from conser-zation training (see Table 3.3). No significant 
training effects^ however^ were found on the DQ posttest. 
Inspection of Figure 3.1 indicates that the control group 
showed an inordinate increase in posttest scores. It appears 
that the treatment given the control group may have also been 
beneficial in inducing conservation. Since the control Ss 
used the same materials as the DQ trained Ss with the excep- 
tion that no reversals were made after transformations^ it 
appears that observation of a series of transformations may 
induce conservation. It must be noted, however^ that at the 
beginning of each series of the six transformations, the two 
quantities were in equivalent boxes/cans. Consequently, 
although reversals were not made, comparisons between equiv- 
alence and transformation states could have easily been made, 
especially when many presentations of the series were given 
in a session. This procedure may have allowed the child to 
note that, although transformations were made, the quantities 
were still equal in their original containers. Moreover, 
questioning during the control sessions focused S*s attention 
on whether there was the same quantity after transformations. 
Furthermore, the control Ss received the DQ immediate post- 
test, as did the DQ trainTng group, and learning may have 
taken place on the successive presentations of the DQ test. 

It is of interest to note, however, that whatever the 
reason for the control Ss • improvement on the DQ posttest, 
no transfer occurred to Corr or CQ conservation in the 
control group. On the other hand, the DQ group which rece- 
ived training incorporating reversals and knowledge of re- 
sults showed transfer to both Corr and CQ since the DQ group 
was significantly superior to the control on both posttests. 
Moreover, Corr and CQ training also showed transfer since Ss 
trained on one of these forms of conservation were also sig- 
nificantly superior to the control group on the other form. 

Because Ss in this study were particularly nonverbal 
and the number of Ss in the control group was too small to 
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make meaningful comparisons^ no analyses were carried out 
to compare the number of conserving reasons given by the 
trained Ss with the nw»mber of conseirving reasons given by 
the control Ss. It is believed^ because of suppo^^ting 
evidence of this nature found in Experiment i and 11. that 
training resulted in acquisition of conservation rather 
than response set. Moreover^ the training task^ in which 
Ss were given cycle two which allowed them to discover 
their errors^ was more conducive to acquisition of conserv- 
ation than to a response set to say "scune." 

In the present study^ in contrast to previous studies 
(Kooistra, 1963; ?oldschmid, 1967; Achenbach, 1959; Experi- 
ment I; and Experime^.t 11)^ no significant relationships 
were found between individual comparisons, MA, CA, and IQ, 
and the three pretests. The previous studies mentioned 
above, however, have used normal or mildly retarded child- 
ren as Ss. In this study, the sample consisted generally 
of older Ss who were afflicted with varying degrees of 
retardation, usually more severe than previously explored. 

Again, as in Experiment I, Kooistra (1963), and Elkind 
(1961), discontinuous quantity appeared to have been easier 
than continuous quantity. The analysis of variance for 
repeated measures showed that Ss performed significantly 
higher on the DQ and Corr pretests than on the CQ pretest. 
On the other hand, Goldschmid (1967) has obtained results 
which dispute that DQ occurs before CQ, It appears thot 
the type of materials or testing procedure used may influ- 
ence the outcome of this type of investigation. 

Moreover, no relationship was found between training 
effectiveness (see Table 3.5) and individual differences, 
such as IQ, MA, and CA. Furthermore, improvement did not 
appear to occur selectively for Ss who were partial conserv- 
ers or older as had been previously found (Beilin, 1965; 
Strauss & Langer, 1970; Overbeck & Schwartz, 1970; Lumsden 
& Kling, 1969) . in fact, the significant negative correla- 
tions between DQ and Corr test improvement and pretest 
scores indicate that Ss who were partial conservers im- 
proved less than Ss who were nonconservers. Such results 
may be attributable to the general effectiveness of the 
training methods which allowed Ss, regardless of their 
starting positions, to perform iniear maximum on the final 
posttest. No relationship between CQ test improvement and 
pretest scores was found. This latter finding may be ac- 
counted for by Ss' significantly poorer performance on this 
pretest and its resultant smaller variance. 

In conclusion, this study gives evidence thet institu- 
tionalized retardates are also able to benefit from inter- 
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vention prograrr - designed to accelerate intellectual devel 
rnent. Training did not specifically benefit only the Ss 
with higher iQs. The latter finding indicates that there 
may be some merit in working with moderately, as well as 
eduoably, retarded Ss in a remedial mathematical program. 
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Experiment IV 



The Effectiveness of Conservation, 
Ordination, Cardination, and Classification 
Training Procedures with Educable and Trainable Retardates 

ABSTRACT > Experiment IV was carried out to further 
examine the effectiveness of the DQ, 0^ C, and ACC 
training procedures. Moreover, the effectiveness of 
these training procedures was examined with trainable, 
as well as ^»ducable, Ss. The hypotheses were (a) the 
DO conservation procedure accelerates conservation In 
educable and trainable retardates, (b) the 0 and C 
training procedures accelerate oidination and cardin- 
ation in educable and trainable retardates, (c) the 
ACC training procedure accelerates classification in 
educable and trainable retardates, (d) task perform- 
ance is related to MA and (e) amount of improvement Is 
negatively related to pretest scores. The above hy- 
potheses were generally supported by data from the 
educable Ss» On the other hand, data from the train- 
able Ss supported only hypotheses c and e. 

Experiment IV was carried out to expand the findings of 
E3q>eriment II and III. In Experiment ^.I, Ss received train- 
ing on discontinuous quantity (DQ) comsc^ivation, correspon- 
dence (Corr) , ordination (o) , cardination (C) , and the 
additive composition of classes (ACC) . Of the above five 
training procedures, DQ, 0, and ACC appeared to be the most 
facilitating. The Corr training procedure did not appear to be 
highly effective, and the C training procedure, although 
somewhat facilitating, appeared doubtful in value. Conse- 
quently, Experiment IV was designed to more carefully assess 
the effects of training, particularly the DQ, 0, C, and ACC 
procedures. Since Experiments I and III indicated that DQ 
training facilitated Corr, as well as continuous qua: tlty 
(CO) conservation, the effectiveness of the Corr procedure 
wes not examined* Unlike Experiment li, each group re- 
ceived a separate training task in order that transfer 
effects might be assessed. Only the 0 and C training pro- 
cedures were given to th.-* some group. 

Moreover, the results of Experiment ill indicated that 
Institutional -'zed retardates, who were lower In MA but 
higher in CA than educable retardates, were also able to 
benefit from training. The institutionalized retardates 
con8i8^ed of both educable Ss who were unable to function 
under normal circumstances and trainable Ss. Consequently, 
it was decided to examine the effects of these training 
procedures on trainable, as well as educable, retardates. 
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The specific hypotheses were as follows: (a) the DQ 
conservation training procedure accelerates conservation in 
both educable and trainable retardates, (b) the 0 and C 
training procedures accelerate ordination and cardination in 
educable and trainable retardates, (c) the ACC training pro* 
cedure accelerates classification in educable and trainable 
retardates, (d) task performance is related to MA, and (e) 
amount of improvement after training is negatively related 
to pretest scores. 

Experiment iva 

Experiment IVa was an attempt to assess more carefully 
the effects of the training procedures with educable re^^rded 
children. It was carried out to determine which indivlaual 
training procedures were effective enough to expand to group 
training procedures. 

Method 

r*ubjects 

Ss consisted of 65 educable retarded Ss, 37 males and 28 
females, in the primary and intermediate special education 
classes at local schools in an urban setting. These Ss were 
selected from a total of 110 available children on the basis 
of performance on six Piagetian pretests. Of che 110 avail- 
able children/ 45 were dismissed from the study. Forty-one 
children were eliminated because of superior performance on 
the pretests, indicating that training was unnecessary. 
Another 4 Ss were eliminated because of inability to function 
in a test situation, and 1 was eliminated because he did not 
reach criterion before the school year ended. 

The mean of the Stanford-Binet IQ scores for the 65 Ss 
was 67.80 (SD = 6.51); the mean CA was 10.50 (SD « 1.74);" 
and the mean MA was 7.11 (SD » 1.41) . 

Procedure 

The design of the study is given in Table 4.1. Ss were 
selected on the basis of performance on a vocabulary pretest 
and six Piagetian pretests — discontinuous quantity, corres- 
pondence, continuous quantity, ordination, cardination, and 
additive composition of classes. If S failed the vocabulary 
pretest, he was dismissed from further testing; if he passed 
it, he was given the six Piagetian pretests in two sessions. 
Two independent judges assigned a rating of one through five 
to Ss* performance on each pretest. Consequently, Ss could 
have a maximum total score of 30. Ss who had a total score 
of 23 or less on the six pretests were asked to participate 
further. All other Ss were dismissed from this study; how- 
ever, in order to treat all available Ss equally, the 
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Table 4.1 



Design of study showing 
the four groups and their treatment. 



DO 



O&C 



ACC 



Control 



Pretests : 
DQ 

Corr 
CQ 
0 
C 

ACC 



Pretests: 
DQ 

Corr 
CQ 
O 
C 

ACC 



Pretests: 

DQ 

Corr 
CQ 
O 
C 

ACC 



Pretests: 
DQ 

Corr 
CQ 
O 
C 

ACC 



Treatment : 
DQ 

training 



Imnedlate 
posttest: 

DQ 



Treatment : 

O&C 
training 



Imnedlate 
posttest ; 

O 
C 



Treatment : 

ACC 
training 



Iimnediate 

posttest: 

ACC 



Treatment : 

Play sessions 
with clay and 
paired assoc-" 
late task 

Immediate 
posttest : 

One of the 
six pretests 
randomly 
selected 



Final 
posttests : 

DQ 

Corr 
CQ 
0 
C 

ACC 

Delayed 
posttests : 

DQ 

Corr 
CQ 
0 
C 

ACC 



Final 
posttests: 

DQ 

Corr 

CQ 

O 

c 

ACC 

Delayed 
posttests: 

DQ 

Corr 
Cu 
O 
C 

ACC 



Final 
posttests: 

DQ 

Corr 

CQ 

O 

c 

ACC 

Delayed 
posttests: 

DQ 

Corr 

CO 

O 

C 

ACC 



Final 

posttests: 

DQ 

Corr 
CQ 
0 
C 

ACC 

Delayed 
posttests i 

DQ 

Corr 
CQ 
0 
C 

ACC 



children who passed all tests « as well as those who failed 
the vocabulary pretest, were given word tasks unrelated to 
nuKtber readiness. 
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V^^ -f remained in the study were assigned to 
four treatment groups—the DQ training group, the OficC 
JiJ !! ? ^^^^^ received both 0 and C training, the 

ACC training group, and the control group which received 
the word tasks and clay play sessions. The number of one- 
5 ^° criterion were 2.29, 1.62, 

3.18 and 2.88 for the DQ, o, C, and ACC training procedures 
^^n^*^^^''*^^- ^" ""^^ training groups reached criter- 

ion, they were given an immediate posttest related to their 

^ S one-half hour control sessions, receive? either 
the DQ, o, C, or ACC test randomly assigned in order to 
equate for number of test exposures. Finally, after at 
least one week, all Ss received six tests identical to the 
pretests, as the final posttest. Moreover, six months later, 
in ?i!Ji.?n« Tl^ administered again as delayed posttests. 
Ail testing and training sessions were Individually admin- 
istered by six Es using a standardized procedure. 

Pretests 

pretest. The vocabulary test, identical to 
i«!L?^K\i" Experiment II (see Appendix B) was given to 
assess whether S understood the words used on the six Piaar>t- 

J^^ Y?"*^ ^^""^ "same," "more," "smallest,- -big- 
gest, "next smallest, " "next biggest, " "in front of " 

f^lSHAiV^r': "--^onar -third " etc 'ss Who 

tailed this pretest were not tested further. " 

^DO) r^r^tf^^i-. The DQ pretest was 
if!n i ^^^^ ^i""^" ^" Experiment i, ii, and III. it has 

been described in the above experiments and the original ver- 
sion Is presented in Appendix C so only a brief description 
! i 2^''^" ^^""V ^^^^^ S agreed that he 

l"f tlr-T^ number of beads in theilF glass containers, 

S s beads were transferred to a succession of different 
shaped containers and combination of containers. Followina 
each transformation, S was asked whether he had the same 
number of beads as E, whether necklaces made from E's and S's 
beads would be equa: In length, and to explain each answer? 

ygff^fP-'!??^"^^ pretest. The Corr pretest was 

Identical to that used in Experiments II and III and is 
ron«li^!n^ii: studies as well as in Appendix E. 

Consequently, only a brief description will be included here. 
Tno^Ili-^ S®' constructed three different models in 

fj^^®?**i°"* ^^^t^ £ completed each model, he asked S to ceo- 
struct the same figure with the same number of chips? E 

J.r*!^'^®* ^" ^^^^ ^^^^-^ S if they Itill 

^ol^o® ^'^^ ""^5 V"^ ^° explain his answer? The time pro- 

V*f "^ePe^ted for each model with s using sticks, 

instead of chips. ~ 



Continuous quantity (CQ) pretest > The CQ pretest was 
identical to the one used in Experiments I, II, and III. A 
copy cf the original version is contained in Appendix F. 
E and S each started with a ball of clay which S believed 
equal."" Then S*s ball was successively transfornied into six 
different shapes. Following each transformation, S was 
asked whether E's and S*s amounts of clay were the^same and 
to explain his^'answer.'" 

Ordination (O) pretest . The 0 pretest was identical to 
the one described in Experiment II and in Appendix G. In 
brief, S was presented with eight sticks differing in height 
and asked to construct a stairway. Next, he was presented 
with seven sticks which fit between the eight sticks and was 
asked to make a larger stairway. E then constructed another 
stairway with thinner sticks above**S"s stairway and* while 
pointing successively to various steps on the new stairway, 
asked S to find the /eame steps on his stairway. In addition, 
S was asked to find selected steps both with E"s stairway In 
reverse order and S*s stairway in random order. 

Cardinatlon (C) pretest . The C pretest has been pre- 
viously described in Experiment II and Appendix H. E 
presented S with ten blocks from IxlxltolxlxlO 
inches in 'size. After explaining the special properties of 
the blocks, E asked S how many blocks like the first could 
be made from other bTocks while in a stairway and then in 
random order. 

Additive composition of classes (ACC) pretest . The ACC 
pretest was similar to that used in Experiment II, but since 
it was believed that some of the trainable Ss might have 
difficulty with felt squares, the materials were changed 
from felt squares to drawings of boys and girls. A complete 
version of this test is included in Appendix J. E prcj^nted 
S with a drawing of two girls and five boys and d?ked S if 
both the boys and girls were children. After S replied pos- 
itively, E asked whether there were more boys or more child- 
ren and whether a row made of children or one made of boys 
would be longer. E then added a drawing of 10 girls, stat- 
ing that there were now more girls than boys# and asked S 
whether there were more girls or more children. Next, E 
removed the ten extra girls and asked whether there were 
more children or more boys. E further questioned whether, 
if all the children were put Tnto a school, there would be 
any boys or girls left outside. Furthenr->re, £ asked whether 
there would be any children left outside if alT the boys were 
put in the school. Finally, E asxed again whether both boys 
and girls were children, whether there were more children or 
more ooys, and whether a row of children or a row of boys 
would be longer. 
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Treatment 



The Ss vere randomly assigned to one of four treatment 
groups. The first group received DQ training, the second 
received both O and C training, the third received ACC train- 
ing, and the fourth served as a control. 

Discontinuous quantity (DQ) training group . The DQ 
training procedure has been described elsewhere (see Experi- 
ments II, III, and Appendix K) and will only be briefly 
described here. The materials consisted of boxes and erasers 
and sticks and cans* E began the session by having S estab- 
lish the equivalence of two quantities of erasers/stTcks in 
two equal boxes/cans. Then one quantity was transformed by 
putting it into various sized boxes/cans. After each trans- 
formation, s was told to check the correctness of his response 
by reversing the transformation back to its original state 
(container) . If S failed to conserve on any particular trans*- 
form, it was repeated. On the second time, however, if S 
maintained that the quantities were unequal, he was asked to 
make them the same by adding or taking away some amount. 
Consequently, upon reversal to the original container, he was 
shown that the quantities were now unequal by the amount he 
added or took away. The latter served to heighten the con- 
flict which S was experiencing. After S reached criterion, 
i.e., S made no errors on the successive transformations, E 
administered a DQ imniediate posttest, identical to the DQ ^ 
pretests 

Ordination and Cardination (O&C) training group . The O 
and C training procedures were identical to the ones given in 
Experiment II and are described in detail in Appendices O and 

The materials used in the O training procedure consisted 
of one-eyed wooden figures called Zerbils, varying in height, 
and the doors to their invisible homes, also varying in 
height. S was told a story to the effect that the Zerbils 
must walk in a straight line from smallest to tallest so that 
all Zerbils can see to avoid danger. S was asked to put the 
Zerbils in a line from Si-^ llest to tallest so that each could 
see over the head of the one in fron^. Next, S was presented 
with the doors and asked to line up their dcor¥ so that each 
Zerbll could quickly find his home. Finally, S was asked to 
find the doors of certain Zerbils, first with the Zerbils in 
reverse order, and then in random order. 

The materials for the C training procedure cons is Led of 
15 wooden blocks, each one cubic inch, and 10 felt strips, 
1 x 1 to 1 X 10 inches, along with some extra felt pieces, 
1x1 and 1x3 inches. In the first part, S was asked to 
make a stairway of five steps with the wooden blocks. E then 
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asked how many blocks must be added or taken away co make 
two steps the same, in the second part, S made a stairway 
with six strips of felt (1 x 1 to 1 x 6 inches) ani was 
asked how many pieces like the first one could be mc^de from 
the other steps, s was also asked how many pieces lihe the 
third step could be made from the sixth step, in addition, 
S was shown that three steps like the first could be made 
from the third step and two steps like the third could be 
made of the sixth step; therefore, three times two equals 
six. The remaining four steps (1 x 7 to 1 x 10 inches) 
were added to the stairway, and S was asked how many pieces 
like the first step could be made from the other steps, 
first as a stairway and then in random order. After S 
reached criterion on both O and C training, he was given 
both 0 and C immediate posttests which were identical to 
the O and C pretests. 

Additive composition of classes (ACQ training group . 
The ACC training procedure was identical to the one used in 
Experiment II and is included in Appendix Q. In the first 
part, S was presented tv^o round yellow beads, eight round 
green beads, and five square blue beads, all of wood. First, 
S was asked if there were more green beads or more round 
beads. All answers were checked and corrected if wrong. 
Moreover, S was asked what color a necklace of round beads 
would be and whether a necklace of round beads or one of 
green beads would be longer. The round beads were then 
changed so that there were two round green and eight round 
yellow beads. The above questions were repeated, this time 
compariiig the yellow, instead of greea beads and round 
beads. Finally, S was asked to concentrate on the number of 
round and wooden beads, and the above questions were repe- 
ated comparing round and wooden beads. 

In the second part, S was presented with two blue and 
eight orange wooden rhythm sticks and was asked whether 
there were more oxange or wooden sticks. All S's answers 
were checked and corrected. Next, the number of sticks 
were altered so that there were now tv ^ orange and eight 
blue sticks, and S was asked whether thfere were more blue 
or more wooden sticks. Finally, four blue wooden blocks 
were added, and S was asked to compare the number of blue 
things with the number of wooden things. After S reached 
criterion on ACC training, S received an ACC iimnediate 
posttest identical to the ACC pretest. 

Control group. The control Ss received a paired assoc- 
iate learning task which lasted approximately one-half hour. 
To fill time in the other sessions, S was given clay and 
asked to make whatever he wished. The control Ss were given 
2.5 one-half hour sessionr which was approximately the aver- 
age number of sessions needed by the experimental Ss, re- 
gardless of training group, to reach criterion. On the last 
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session, control Ss were given an immediate posttest, identi- 
cal to one of the six pretests, randomly assigned, in order 
to control for number of test exposures. 

Final posttests . Approximately one week after the immed- 
iate posttests were given, Ss received six final post tests, 
identical to the six pretests. 

Delayed posttests . Approximately six months after Ss 
received the final posttests, six delayed posttests were^ 
administered. Again, these posttests were identical to the 
six pretests, as well as to the final posttests. The six- 
month delay occurred during the summer vacation. Consequently, 
little teaching related to the posttests was received by Ss, 
thereby allowing maximum decrease in performance to occurT 

Results 

Two Judges independently scored 24 Ss on the six pre- 
tests. Performance on each pretest was given a score from 
one to five, similar to Piaget*s three stages but also in- 
cluding two transitional steps, to facilitate scoring between 
stages. Spearman rank correlation coefficients between the 
two judges were .94, .91, .98, .82, .89, and .90 for the DQ, 
Corr, CQ, 0, C, and ACC pretests respectively. One judge 
then scored the remaining Ss* pretests. 

The results of both the pre- and posttests were reported 
in percentages as number correct out of total possible 
correct, figure 4.1 Illustrates the pre- and final posttest 
percentages for the four groups on the three conservation 
tests— DQ, Corr, and CQ. Figure 4. 2 illustrates the pre- and 
final posttests percentages on the 0, C, and ACC tests. 

Perfozmance on the final posttests was compared with per- 
formance on the immediate posttests for the trained groups to 
determine whether there was a loss in the one-week interval. 
No significant differences (£>.05) were found between per- 
formances on the two posttests (t= .72, df^ 16; t= 1.83, 
df = 15; t « .59, df = 15; and t'^ .33, df = 15 for the DQ, 
0, C, and ACC posttes^-s respectTvely) . 

An arcsin transformation of the percentage scores was 
made prior to subjectiag the data to analyses. Six analyses 
of covariance were computed, one on the data from eacn of 
the six Piagetian tests. Significant differences were found 
among the four groups on the DQ, CQ, O, C, and ACC posttests 
(P = 3.61, df « 3/60, £<.05; F = 1.70, df « 3/60, 2>.05; 
P"*= 3.49, df = 3/60, £<.05; 4.78, df = 3/60, p<.0l; 

P « 5.23, df = 3/60, £<.0l; and F = 10.17, df = 3/60, 
£<.01 for the DQ, Corr, CQ, 0, c7 c.nd ACC posttests respect- 
ively. 
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Figure 4.2 Performance o£ the four educ^bXe 
treatment groups on the 0, C, and ACC pre- and 
posttests. 
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Multiple comparisons (see Winer, p. 592) were made 
between the adjusted posttest means for the tests on which 
the groups differed. Table 4.2 ahows the groups which 



Post- 
tests 



DC 



CQ 



ACC 



Table 4.2 

Multiple comparisons 
between the adjusted posttest means. 



Group DQ O&C ACC Control 



DQ *^ * * 

O&C 
ACC 

Control 

DQ * * 

O&C 
ACC 

Control 

DQ ★ 
O&C ★ 
ACC * 
Control 

DC * 

O&C * ★ 

ACC 

Control 

DQ * 

O&C * 
ACC * 

Control 

^The groups differed significantly beyond the .05 level, 

differed significantly. On the DQ posttest, the training 
group was significantly superior to the other three groups. 
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On the CQ posttest, the DQ group was significantly superior 
to the O&C and control groups. On the 0 posttest, all three 
training groups were significantly superior to the control 
group, whereas on the C posttest, the O&C group was signif- 
icantly superior to the other three groups. Furthermore, on 
the ACC posttest, the ACC group was significantly superior 
to the other three groups. 

In order to examine the reliability of the six Piagetian 
testp, Pearson product-moment correlation coefficients were 
computed between the pre- and posttests for the 16 control 
^s. The correlation coefficients were .64, .77, .39, .47, 
740, and .55 for the DQ, Corr, CQ, C, C, and ACC tests respec 
tively. 

Moreover, the relationships between tests were examined 
by means of the Pearson product-moment correlation coeffici- 
ents between the pretests for all Ss* Table 4.3 shows the 

Table 4.3 

Relationships among the six pretests. 



Pretest 


DQ 


Corr 


CQ 


0 


C 


ACC 


DQ 




.49** 


.33** 


.24 


.14 


-.14 


Corr 






.49** 


.42** 


.27* 


.16 


CQ 








.12 


.10 


-.30* 


0 










.31* 


.21 


C 












.18 



ACC 



.01, df « 63 
* £<.05, df = 63 



correlation coefficients between tests. The three conserva- 
tion pretests, DQ, Corr, and CQ, were found to be positively 
interrelated. Moreover, Corr was positively related to O 
and C, and CQ was negatively related to ACC. Furthermore, 
0 and C were positively related. No other signii leant re- 
lationships were found. 

Pearson product-moment correlation coefficients were 
also computed between the prete;>ts and individual differences 
such as IQ, MA, and CA. Table 4.4 shows the correlation 
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Table 4.4 

Relationships between 
pretest scores and IQ, MA, and CA. 





DQ 


Corr 


Pretests 
CQ 


0 


C 


ACC 


IQ 


.02 


.14 


.06 


.20 


.22 


.08 


MA 


.27* 


.39** 


.13 


.48** 


.28* 


.06 


CA 


.30* 


.38** 


.22 


.42** 


.19 


.02 




* E < '05, 
** £ < .01, 


df = 63 
df = 63 











coefficients between these variables. DQ, Corr, and 0 pre- 
tests were found to be significantly related to both MA 
and CA. Furthermore, the C pretest was found to be related 
to MA only. No other significant relationships were found. 

In addition, the relationships between training effect- 
iveness as measured by the amount of improvement from pre- 
to posttest and individual differences, such as IQ, MA, CA, 
and pretest scores, were also examined by means of the 
Pearson product-moment correlation coefficients. Table 4.5 
shows th^ correlation coefficients between these variables. 



Table 4.5 

Relationships between test improvement from pre- to posttest 
and individual differences for the Ss who received training. 



Test 
Improvement 


IQ 


MA 


CA 


Pretest 
Score 


DQ (n = 17) 


.30 


-.20 


-.29 


-.97** 


Corr (n = 17) 


-.19 


. 25 


-.15 


-.66** 


CQ (n = 17) 


.12 


-.06 


-.09 


-.57* 


0 (n = 16) 


.02 


-.25 


-.33 


-.86** 


C (n = 16) 


.00 


.01 


.05 


-.94** 


ACC (n » 16) 


.46 


.29 


.06 


-.45 



* £<.05 
** £ < .01 
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No significant relat ionehips were found between test improve- 
ment and IQ, MA, or CA. Significant negative co'-relations, 
however, were found between test improvement and pretest score 
on DO, Corr, CQ, 0, and C, although no relationship was found 
between test improvement and pretest score on ACC, 

A repeated measures analysis of variance was performed on 
the six pretest scores from each S to determine which was the 
easiest of the six tests. The means for the 65 Ss were .49, 
.58, .31, .52, .33, and .45 for the DQ, Corr, CQ, 0, C, and 
ACC pretests respectively. The analysis showed a significant 
difference among groups (F = 9.40, df = 5/320, £<.01). Mul- 
tiple comparisons (see Table 4.6) by means of the Newman- 
Keuls test showed that performances on the DQ, Corr, 0, and 
ACC pretests were superior to those on both the CQ and C 
posttests (£<.05). All other differences were nonsignificant. 

Table 4.6 

Significant differences between 
performance on the six pretests. 



Test 




Corr 


0 


DQ 


ACC 


C 


CQ 




Mean 


.58 


.52 


.49 


.45 


.33 


.31 


Corr 


.58 










* 


* 


0 


.52 










* 


* 


DQ 


.49 










* 


* 


ACC 


.45 










* 


* 


C 


.33 














CQ 


.31 















* £<.05 



Performance on the delayed posttests was compared with 
performance on the final posttests by means of the t test in 
order to determine whether there was a significant decrease 
in Ss* performance after a six-month delay. Table 4.7 shows 
the**mean percentage correct for Ss who received training 
related to the specific tests. A significant difference 
(t ss 2,45, df = 7, £<,05) was found between performance on 
the PQ final and delayed posttests for Ss who received DQ 
training. No significant difference wa^ found between per-- 
formance on the 0 final and delayed posttests (t » .58, 
df s 6, 2^*0'^) group which received 0 training. 

Moreover, no significant difference was found between the 
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Table 4.7 



Mean percentage correct on the final 
and delayed posttests for Ss who had 
received training related to the tests. 



Posttest. 



Final Delayed 

DQ .94 .62 

0 .72 .78 

C .76 .87 

ACC .82 .76 



C final and delayed posttests (t = 2.07, df = 6, £>.05) 
for the O&C group which had also received C training. 
Finally, no significant difference was found between the 
ACC final and delayed posttests (t = .81, df = 11, £>.05) 
for Ss trained on ACC. 



Experiment IVb 

Experiment IVb consists of a replication of Experiment 
IVa with trainable, instead of educable, retarded Ss. The 
purpose of this study was to determine the effectiveness of 
the above training procedures using Ss who were older and 
had lower IQs. This study, except for type of Ss, was 
identical in every respect to Experiment IVa. 

Method 

Subjects 

Ss were 28 trainable retarded Ss, 20 males and 8 females 
from a local special school « who were selected on the basis 
of performance on a vocabulary and six Piagetian pretests. 
Twenty-five Ss, from a total of 53, did not complete the 
study; 10 were nontestable, 7 moved during the course of the 
study, 3 were unable to remain in a training situation, and 
5 showed superior performance on all six of the Piagetian 
pretests. 

Intelligence scores, mental ages, and chronological ages 
were available for 27 of the 28 Ss. The mean of the Stanford 
Binet IQ scores was 50.96 (SD a "5.52); the mean MA was 7.65 
(SD 3 1.57); and the mean CA was 15.07 (SD = 2.84). 
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Procedure 



Table 4.1 shows the design of this study which was iden- 
tical to Experiment IVa. All Ss received a vocabulary and 
six Piagetian pretests--DQ, Corr. CQ, 0, c, and ACC. A 
description of these pretests has been included in Experiment 
IVa. and, consequently, is not repeated here. Each S's 
performance was rated from 1 to 5 on each of the six"pre- 
tests. If S*s combined rating for the six pretests was 23 or 
less, he was retained as a participant in the study and 
assigned to one of the four treatments. If his rating was 
24 or above, S was dismissed from further participation; 
five Ss were dismissed for this reason • 

The 28 remaining Ss were randomly assigned to the DQ 
training group, the O&C training group, the ACC training 
group, or the control group. The treatments given these 
groups have been described in Experiment IVa and, consequently, 
are not described here. The trained Ss needed 2.50, 2.71, 
3.71, and 2.86 one-half hour sessions to reach criterion on 
the DQ, 0, C, and ACC training procedures. Upon reaching 
criterion, experimental Ss were given irmnediate posttests, 
identical to the pretests, related to the type of training 
received. The control group received approximately 3 one- 
half hour sessions which was the average number of sessions 
all experimental Ss received. On the last control session, 
these Ss were given either the DQ, 0, C, or ACC test randomly 
assigned in order to equate the experimental and control groups 
in number of tests received. 

One week later, all Ss were given six final posttests, 
also identical to the pretests. Approximately six months 
after the final posttests, the tests were readminlstered as 
delayed posttests. Ss were individually tested and trained by 
six Es who alternated as testers and recorders in a standard- 
ized procedure. 

Results 

The amount correct on each test was scored as the percent- 
age of total possible correct. Figure 4.3 illustrates the 
performance of the trainable Ss on the DQ, Corr, and CQ pre- 
and final posttests. Figure 7.4 illustrates their performance 
on the 0, C, and ACC pre- and posttests. 

The t test was used to compare performances on the inined- 
iate and final posttests of Ss who had been trained. No sig- 
nificant differences (£>*05T were found between these two 
posttests (t = 1.00, df « 7; t = 1.26, df = 6; t = 1.62, 
df « 6; t =5 .97, df « 6 for the DQ, 0, C, and ACC tests respec- 
tively), although there was a one-week interval between the 
two posttests. 
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Figure 4.4 Perfonran-;e of the four trainable 
treatment groups on the 0, C, and ACC pre- and 
posttests. 
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Since the data were in the form of percentages, an 
arcsin transformation of scores was made. Six separate 
analyses of covariance were computed, one for each of the 
six tests. These analyses showed significant differences 
among groups on the Corr, CQ, and ACC posttests (F = 1.36, 
df = 3/23, £>.05; F = 4.14, df » 3/26, £<.05; P := 3.41, 
df = 3/26, £<.05; F = 2.13, df = 3/23, £>.05; F = 1.91, 
df = 3/23, £>.05; F = 7.56, df = 3/23, £ <.01 for DQ, Corr, 
CQ, O, C, and ACC respectively^. Multiple cooparisons 
between groups on the Corr, CQ, and ACC adjusted posttest 
means were made. Table 4.8 shows the groups which differed 

Table 4.8 

Multiple comparisons 
between adjusted posttest means. 



Corr Posttest CQ Posttest ACC Posttest 



Groups DQ O&C ACC C DQ O&C ACC C DQ O&C ACC C 



DQ * * 

O&C * 

ACC * * 

C 



The groups differed significantly beyond the .05 level. 



on these three posttests at the .05 level. On the Corr post- 
test, the DQ group was superior to the O&C group. On the CQ 
posttest, both the DQ and C groups were superior to the ACC 
group. Moreover, on the ACC posttest, the ACC group was 
superior to all other groups. 

The relationships among the f^ix tests were examined by 
means of Pearson product-moment correlations between pretest 
scores of all Ss. Table 4.9 shows the correlation coeffic- 
ients between the six pretests. The three conservation 
tests, DQ, Corr, and CQ, were positively interrelated. On 
the other hand, DQ and C were negatively related. No signif- 
icant relationships were found between the other pretests. 

The relationships between pretest performances and in- 
dividual differences, IQ, MA, and CA, were also examined by 
means of Pearson product-moment correlations. Table 4.10 
shows the correlation coefficients between pretest scores 
and individual difference*. No sigaificant relationships 
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Table 4.9 

Relationships between the six Piagetian pretests. 



tests 


DQ Corr CQ 0 


C 


ACC 


DQ 


.53** .60** .19 


-.44* 


.05 


Corr 


.42* .28 


-.25 


.00 


CQ 


.27 


-.30 


-.15 


0 




.lO 


-.21 


C 






.09 


ACC 










£< .01, df = 26 






* 


£ <.05, d£ = 26 








Table 4.10 








Relationships between 








the six pretests and IQ, MA, and 


CA 






DQ Corr CQ 0 


C 


ACC 


IQ 


-.19 .17 -.02 .18 


.29 


-.14 


MA 


-.14 .09 .17 .25 


.38 


.04 


CA 


-.05 .00 .18 .16 


.22 


.14 



were £ound, although the correlation coefficient, .38, between 
MA and the C pretest approached significance at the .05 level 
(for df = 25 critical value of r » .381). 

Moreover, the relationships between training effective- 
ness, measured by amount of test improvement, and individual 
difference, such as IQ, MA, CA, and pretest scores, were also 
determined by means of Pearson product-moment correlation co- 
efficients. Table 4.11 shows the correlation coefficients 
between these variables. No significant relationships were 
found between test improvement and IQ, MA, or CA. On the 
other hand, significant negative relationships were found 
between test improvement and pretest scores on DQ, Corr, CQ, 
and O. 
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Table 4.11 

Relationships between test improvement from pre- to posttest 
and individual differences for the Ss who received training. 



Test 
Improvement 


IQ 


MA 


CA 


Pretest 
Score 


DO (n = 9) 


.57 


-.77 


-.23 


-.99** 


Corr (n = 9) 


.35 


.35 


.29 


-.75* 


CQ (n = 9) 


.49 


.08 


-.16 


-.82** 


0 (n = 7) 


-.06 


-.58 


-.53 


-.79* 


C (n = 7) 


-.29 


-.61 


-.42 


-.66 


ACC (n = 6) 


.04 


.54 


.07 


-.70 



♦ £<.05 



An analysis of variance of repeated measures was computed 
to determine which of the six pretests was easier. The means 
of all Ss* scores on the six pretests were .46, .55, .40, .52, 
•25, and .41 for the DQ, Corr, CQ, O, C, and ACC pretests 
respectively. Prior to analysis, an arcsin transformation of 
the scores reported in percentages was made. The analysis of 
variance showed that the tests differed in difficulty (F = 
3.61, df = 5/135, £^.01). Multiple conparison by means of 
the Newman-Keuls method at the .05 level indicated that the 
DQ, Corr, and O pretests were significantly easier than the 
C pretest (see Table 4.12). All other differences were non- 
significant. 

Table 4.12 

Significant differences 
between performance on the six pretests* 



Test 




Corr 


0 


DQ 


ACC 


CQ 


C 




Mean 


.55 


.52 


.46 


.41 


.40 


.25 


Corr 


.55 














0 


.52 












* 


DQ 


.46 












* 


ACC 


.41 














CO 


.40 














C 


.25 















*£ <'05 
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The results of the delayed posttests were not analyzed 
for the trainable Ss. Data from too few Ss were available* 
For example, in the DQ training group, deTayed posttest data 
from only three Ss were available. The remaining training 
groups had delayed posttest data from only five Ss. Conse- 
quently, it was not believed meaningful to analyze these 
results. Moreover, the test-retest reliability of the six 
Piagetian tests was not determined, since there were too few 
Ss in the control group (n = 6) • 

Discussion 

On the whole, the training procedures were more success* 
ful with educable, than trainable, retardates. For the ed- 
ucable Ss, the DO, C, and ACC training procedures were 
highly effective; only perfomiance on the Corr posttest showed 
no facilitation. Moreover, the DQ and ACC training procedures 
showed transfer to performance on posttests other than the 
ones directly related to them. The DQ training procedure 
facilitated CQ^ as well as DO, and the DQ and ACC training 
procedures both facilitated performance on the O posttest. 
In contrast to the findings of Inhelder & Sinclair (1969), 
ACC training effects did not transfer to performance on any 
of the three conservation posttests. 

The effectiveness of the training procedures is in agree- 
ment with results obtained in Experiment II, with the excep- 
tion that, in the present study, the C training procedure was 
more effective. The results of Experiment li indicated that 
the C training procedure was ineffective with Ss who were 
intermediate in performance, since the criterion used for 
the selection of Ss in the present study was not particularly 
stringent, many Ss who were intermediate in performance par- 
ticipated; yet, C training appeared highly effective. Further- 
more, for the educable Ss, no decrement was found between the 
immediate posttests and the final posttests given one week 
later. In addition, performances on the final and delayed 
posttest did not generally show a decrement during a six 
month delay, only on the DQ posttest, was a significant 
difference found, indicating that the DQ trained Ss did not 
retain what they had learned. Ss in the O&C group, however, 
showed no decrements on either the O or C posttests. in 
fact, performance on both 0 and C showed a slight rise from 
the final to the delayed posttests. Moreover, no decrement 
was found in performance on the ACC posttests. 

For the trainable Ss, the DQ, O, and C training proce- 
dures did not appear effective. Although, significant dif- 
ferences were found among the Corr, CQ, and ACC posttest 
adjusted means, only the differences on the ACC posttest were 
meaningful. On the Corr and CQ posttests, none of the trained 
groups was superior to the control group. Consequently, only 
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the ACC training procedure was effective as hypothesized 
since the ACC group was superior to all other groups, includ- 
ing the control group. The lack of positive results on the 
other posttests may reflect the greater variance and smaller 
numbers within groups. 

In the present study, as in Experimemc II, the pretests 
were found to differ in difficulty. For both educable and 
trainable Ss, the C pretest appeared quite difficult; per- 
formance on the DQ, Corr, and 0 pretest was superior to 
that on the C pretest. The educable Ss found CQ the most 
difficult with C a close second. On the other hand, the 
trainable Ss found the C pretest most difficult, with CQ 
second, but not close to C in difficulty. These results are 
not in agreement with those of Experiment II. Comparisons 
between the present study and Experiment II must be made 
with caution, however, since both the ACC test and the cri- 
terion for selection of Ss differed. In Experiment II, 
ignoring the position of'^the ACC pretest which was the most 
difficult, the DQ and Corr pretests were significantly 
easier than both the 0 and C. In fact, the 0 pretest was 
more difficult than any of the other pretests, except ACC. 

The reliability of the six pretests, examined by com- 
paring the educable control Ss' pretest and posttest scores, 
showed moderate correlations**for the DQ, Corr, 0, and ACC 
tests with lower correlations for the CQ and C tests. The 
latter appear to reflect the greater difficulty on these 
tests accompanied by a more restricted range in scores. 

The correlation coefficient between the six different 
pretests showed significant relationships among the three 
conservation pretests, DQ, Corr, and CQ, for both educable 
and trainable Ss. For the educable ^s, moreover, positive 
relationships were found between Corr and 0, Corr and C^ 
O and C, and a negative relationship was found between CQ 
and ACC. The relationships in this study, however, were 
not as strong as those in Experiment II, and fewer pretests 
were related. For the trainable Ss, moreover, e\'en fewer 
relationships were found. ^ 

In the present study as in previous ones, MA and per- 
formance on the pretests, except CQ and ACC, were related 
for the educable Ss. Moreover, relationships between CA 
and the DQ, Corr, ""and 0 pretests were found for the educable 
Ss. These results are similar to those obtained in Experi- 
ment II; however, in the present study, fewer and less strong 
relationships were found. Again, it must be noted that the 
criterion for selection of Ss for the two studies were dif- 
ferent. It is likely that The selection of Ss in Experiment 
II led to greater variability of performance on the pretest 
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scores. Finally, for the trainable Ss, no relationships were 
found between pretest scores and individual differences. 

Furthermore, as in Experiment II, no relationshios were 
found between the amount of test improvement after training 
and IQ, MA, or CA. For the educable Ss, again similar to 
Experiment ii, there were negative relationships between test 
improvement and pretest scores, except for ACC. These re- 
sults, as before, indicate that the success of the training 
procedures is not dependent upon S's age, intelligence, or 
starting point. Rather, the procedures are generally success- 
ful for educable Ss, regardless of individual differences. 
Similar results were obtained with trainable Ss; no relation- 
ships were found between test improvement and-JQ, ma, or CA, 
bu^ negative relationships were found between test improve- 
ment and the DQ, Corr, CQ, and O pretest scores. 

In summary, the results of this study with educable Ss 
support Hypotheses a, b, and c that the DQ, O, C, and ACC" 
training procedures are effective. For the trainable Ss, 
however, only hypothesis e, that the ACC training procedure 
*i^®^f**^o^ classification, was supported. Moreover, for the 
educable Ss, hypothesis d, that test performance was related 
to MA, was supported, except for the CQ and ACC tests. For 
tne trainable Ss, however, no relationship was found between 
test performance and KA. Finally, hypothesis e, that test 
improvement was negatively related to pretest score, was 
supported by the results with educable Ss, except for ACC, 
and with trainable Ss, except for C and"ACC. In conclusion, 
positive results were generally obtained with educable Ss 
but not with trainable Ss. ~ 
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Experiment V 



The use of group procedures 
in conservation, ordination, cardination, 
and classification training of educable retardates. 

ABSTRACT , The individualized discontinuous quantity 
(DQ) , ordination (0) , cardination (C) , and additive 
composition of classes (ACC) training procedures which 
had been successful in Experiment IV were modified so 
that they cou?d be administered to groups of Ss. 
Educable Ss were randomly assigned to an experimental 
condition In which they received training on DQ, 0, C, 
and ACC as groups within their classrooms, or to a 
control group. The hypotheses were (a) the DQ group 
training procedure is effective in accelerating con- 
servation, (b) the 0 group training procedure is 
effective in accelerating ordination, (c) the C group 
training procedure is effective in accelerating card- 
ination# (d) the ACC group training procedure is ef- 
fective in accelerating classification, (e) perform- 
ance on the pretests is related to MA, and (f) the 
effectiveness of training is negatively related to 
pretest scores. The results showed that the experi- 
mental group was superior to the control group on the 
CQ, O, and C posttest, thus supporting hypotheses a, 
b, and c. The ACC group training procedure did not 
appear to be effective. Moreover, performance on 
only two of the six pretests, Corr and 0, were related 
to MA, thus lending little support to hypothesis e. 
Finally, test improvement generally was negatively 
related to pretest score, providing evidence for hy- 
pothesis f. 

Experiment IV showed that the discontinuous quantity 
(DO), ordination (0), classification (C) , and additive 
composition of classes (ACC) training procedures were highly 
effective for educable Ss. These training procedures were 
individually administered to each S in standardized ses- 
sions. Unlike Experiment II in which the C training proce- 
dure appeared doubtful in value. Experiment IV indicated: 
that the C training procedure, as well as the other training 
procedures, was highly successful. These results were en- 
couraging particularly for the development of group training 
procedures. Consequently, it was decided to devise group 
administrative procedures for DQ, 0, C, aid ACC training. 

The group procedures were developed mainly because 
comments from several teachers indicated that the individ- 
ualized training procedures might not be practical. These 
teachers felt that, although success of individualized 
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training procedures was interesting, they themselves were un- 
able to devote the amount of time needed for each training 
SGSsion with a single individual. Therefore, in order to 
adapt the procedures to a busy teacher's schedule, the train- 
ing procedures were modified so that several children could 
be trained simultaneously. Moreover, it was decided, in 
order to maintain the attention of all children in the group, 
to rotate the questioning and material manipulations so thet 
each child had his turn. It was believed that not on.V 
the children learn through their own turn with the ma; 
but they would learn through observation of the other child- 
ren's behavior in the training situation. 

Furthermore, teachers, instead of research assistants, 
were asked to play the role of the experimenters, particularly 
since the comments of teachers as training progressed were 
believed valuable for further refinements in the group train- 
ing procedures. Moreover, it was of interest to see how the 
procedures would adapt to a more natural setting in a class- 
room, rather than an ideal one-to-one session in an experi- 
mental room. Furthermore, if the training procedures were 
successful with teachers, as well as research assistants who 
were well rehearsed in their administration, the training 
procedures could be considered highly effective indeed. 

The hypotheses tested were (a) the DQ group training 
procedure is effective in accelerating conservation, (b) the 
O group training procedure is effective in accelerating ordin- 
ation, (c) the C group training procedure is effective in 
accelerating cardination, (d) the ACC group training procedure 
is effective in accelerating classification, (e) performance 
on the pretests is related to MA, and (f) the effectiveness 
of training is negatively related to pretest scores. 

Method 

Subjects 

Ss consisted of 38 educable retarded children (16 females 
and 22 males) from primary and intermediate special education 
classes in four urban schools. They were selected from a 
total sample of 109 testable Ss (5 were ncntestabls) on the 
basis of performance on six Piagetian preLests— discontinuous 
quantity (DQ) conservation, - correspondence (Corr) , continuous 
quantity (CQ) conservation, ordination (0), cardination (C) , 
and additive composition of classes (ACC) . 

Children were rated according to the three stages of 
development described by piaget (1952), using a five point 
scale to account for transitions between stages. Children 
were eliminated from further participation in the study if, 
on the five point scale, they scored above three on more than 
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three of the six pretests* Sixty-eight Ss were eliminated* 
The remaining 41 were randomly assigned to an experimental 
or con^"rol condition* Three of the Ss originally assigned 
, " ..x^ irimental Ss were later dropped from the study — two 
iTu .sritptive behavior in the experimental situation and 
one for inability to follow even the simplest instructions — 
leaving a total of 38 S^s. 

Five Ss, because they did well on the three conservation 
pretests, were not assigned to treatments until after DQ 
training had taken place* Therefore, before the five Ss were 
added, 17 Ss received DQ training in the experimental condi- 
tion while""l6 Ss served as controls. With the five additional 
S3, 19 Ss received 0, C, and ACC training in the experimental 
condition and 19 Ss served as controls. The mean of the 
Stanford-Binet IQ scores for 36 Ss (2 Ss* scores were unat- 
tainable) was 66.25 (SD = 5.94), the mean of their mental 
ages (MA) was 6.52 (SD = .80), and the mean chronological age 
(CA) was 9.85 (SD = 1.24) . 

Procedure 

All Ss received a vocabulary and six Piagetian pretests. 
Those who passed the vocabulary test and were judged to be 
below stage four on at least three of the pretests were ran- 
domly selected to be in the experimental or control condi- 
tion. 

The experimental Ss were irun as groups within their own 
classroom; five separates groups were formed. Consequently, 
the experimental condition consisted of one group of 2 ^s, 
one of 3 Ss, and three of 4 Ss for a total of 17 experimental 
Ss who received DQ training. For 0, C, and ACC training, 
however, two Ss were added. The experimental condition then 
consisted of two groups of 3 Ss, two groups of 4 Ss, and one 
group of 5 Ss for a total of 19 experimental Ss. 

The individual training methods previously used in Ex- 
periment IV were modified for group usage in the present 
study. One modification included requiring ^s to take turnS/ 
Instead of training one S to criterion. In all classrooms 
except one, training was carried out by Ss* usual class- 
room teacher while E scored the Ss* responses. In the ex- 
cepted classroom, due to the teacher's unwillingness to give 
time to this study, E conducted the training sessions and a*! 
observer scored the responses while the teacher carried out 
his usual classroom activity. 

Prior to the training sessions, E met alone with the 
individual teachers for an average of two forty-five minute 
periods for each procedure in order to acquaint the teachers 



with the group training methods and materials. Copies of the 
instructions were distributed to the teachers to acquaint 
them with the procedures. E answered any questions the 
teachers had and went over the procedures until they were 
comfortable with them. 

In the group training sessions, the teacher, Ss, and E 
sat at a table in the back of the classroom while class was 
in session. The teacher read the instructions directly from 
a printed copy of the procedures while E scored Ss* responses. 
The remainder of the class, including the controT group, was 
usually assisted by a teacher's aide or another E in class-* 
room activity to divert their attention away from the group 
training. This classroom activity consisted of coloring, 
telling stories, reading, or watching educat:ional television. 

While each class had from two to five Ss in the experi- 
mental group, it was sometxmes necessary to conduct the 
training sessions with less than the usual complement of Ss 
in order to obtain the data before the end of the school 
year. However, none of t:ie Ss missed both training sessions 
on aay training procedure. 

Treatment 

The experimental S3 received two training sessions on 
each of the four procedures— DQ, 0, C, and ACC. Each train- 
ing session took place within the classroom and was approx- 
imately forty-five minutes long. The control Ss remained in 
the classroom as did other children who were not participants 
of the study. Their attention was diverted by the use of 
activity which was generally of high interest to them. 

Pretests 

The same pretests previously used in Experiment IV were 
used. A short summary of each follows. 

Vocabulary pretest. The vocabulary pretest (see Appen- 
dix B) was administered to ascertain that Ss understood key 
words on the six Piagetian pretests. Ss demonstrated their 
understanding of these words by pointing or putting out 
materials to illustrate their meaning. Children not demon- 
strating knowledge of the selected words were eliminated 
from further participation in the study. 

Discont inuous quantity (DQ) conservation pretest . Two 
colors of wooden beads and different shaped glass beakers 
were used (see Appendix c) . After establishing equivalence 
of beads between E's and S's beads in equal containers, a 
number of transformations were made by pouring S's beads 
into different beakers. After each transformation, S was 
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questioned about whether he had the same number of beads as 
E and whether necklaces made from their beads would be the 
Tame length. Finallyr as a check for response set, two 
beads were added to E*s beaker and S was again asked if 
they had the same amount. S was asked to explain each 
answer given. 

Correspondence (Corr) pretest . E used plastic chips to 
construct three different figures as models (see Appendix E) 
After E had constructed each model, S was instructed to copy 
the figure using the same number of chips. Then, E spread 
out his model and asked if they still had the same"*number of 
chips. After S had copied each model with chips, the above 
procedure was repeated except this time S used small sticks 
instead of chips. Finally, E added two chips to his model 
and spread the chips apart; S was again asked if they had 
the same amount of sticks and chips. An explanation was 
asked for each answer. 

Continuous quaint ity (CQ) conservation pretest . After 
establishing quantity equivalence of two different colored 
balls of clay (see Appendix F) , E successively transformed 
S*s ball of clay into different Shapes, then into two, three 
and finally four smaller balls. The four smaller balls were 
next transformed into four different shapes. After each 
transformation, S was asked whether they had the same amount 
of clay. To check for response set, a portion of S's clay 
was then removed and he was again asked whether they had the 
same amount of clay. An explanation was asked for each 
answer. 

Ordination (O) pretest . S was shown a picture of a 
staiTiray which was withdrawn and then was given eight sticks 
of varying heights tc construct a stairway like the one in 
the picture (see Appendix G) . After the stairway was con* 
structed, seven more sticks of varying heights were pre- 
sented, and S was instructed to place them between the other 
sticks to make a larger stairway. After correction and 
scoring^ E made another stairway of smaller sticks above S*s 
stairway; E then pointed to certain steps on his small stair 
way and asked S to point to the corresponding steps on his 
stairway. The same procedure was carried out with E^s stair 
way reversed and with S*s stairway in random order."* 

Cardination (C) pretest . S was presented with ten 
blocks from Ixlxltolxlxlo inches and was asked to 
construct a stairway (see Appendix H) • It was then shown 
that the second block could be cut into two blocks like the 
first and the third block could be cut into three blocks 
like the first, and so on. S was then asked how many blocks 
like the first one could be made if other blocks in the 
stairway were cut. After this, the order of the blocks was 
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randomized, and the same question was asked for five different 
blocks. 



Additive composition of classes {ACQ pretest . Two draw- 
ings of children were used (see Appendix J). First, a drawing 
showing two girls and five boys was presented and questions 
comparing the number of boys with the number of children were 
asked* Then, a second drawing showing ten girls was added to 
the first drawing, and questions comparing the number of 
girls with the number of children were asked. Finally, the 
second drawing was removed and more questions were asked 
about the first drawing only. 

Group Training Procedures 

Disconti nuous quantity (DQ) group training . DQ training 
was administered in two parts, first using boxes and erasers 
and then sticks and cans (see Appendix S) . One S and the 
teacher simultaneously put erasers into two smalT equal boxes 
until the bottjros of both boxes were full, and equivalence of 
the two quantities was established. The teacher's erasers 
remained in the original box but Ss* erasers were used for 
the transformations. Four larger boxes of different dimens- 
ions were successively presented, one at a time, each to a 
different S. Training cycle one (see Table 1,2) was carried 
out with Ss taking turns, first with their erasers in each 
individual box, then with their erasers divided between two 
of the boxes/ and finally with their erasers divided among 
the four boxes. If any S failed to show a conserving response/ 
training cycle two (see Table 1.2) was immediately carried out 
with him. 

For the second part, two small decorated cans of equal 
size, which held exactly twelve rhythm sticks each, and four 
larger decorated cans were used. After equivalence of sticks 
in the two matched cans was established, Ss, In turn, made 
transformations of their sticks to each of the other four 
cans/ then to two cans and finally to four cans. Training 
cycle two was carried out for Ss who gave nonconserving re- 
sponses on cycle one (see Table 1.2). 

One training session of approximately forty-five minutes 
duration was carried out for each of the two parts of the 
procedure. 

Ordination (o) group training . The materials consisted 
of one-eyed wooden "people" of varied heights called Zerbils 
and their homes (wooden doors of corresponding heights). The 
task for the Ss was to first order the Zerbils from smallest 
to tallest, each S taking his turn with one Zerbil, and then 
to order the doors in the same manner (see Appendix T) . 
After reversing the order of the doors as well as putting the 
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Zerbils in random order, Ss taking turns were asked to find 
the doors of the homes belonging to selected Zerbils. If 
any S failed he was immediately given extra training and 
allowed to correct his error. 

Cardination (C) group training . In the first part of 
this two part procedure (see Appendix U) , the Ss were given 
15 blocks / each a one-inc^* cube, and were asked to take 
turns making the steps of a stairway, the first step one 
block high and the last step five blocks high. The teacher 
then asked, different Ss in turn, how many more blocks some 
steps had than others and how many blocks should be added 
or taken away to make two selected steps the same in height. 

For the second part, the teacher presented six strips 
of felt from 1 x 1 to 1 x 6 inches and asked Ss to make a 
stairway, each S putting out one step at a time. The 
teacher then asked Ss in turn how many pieces like the 
first step in the stairway could be made from the other 
steps. Responses were checked by placing extra one- inch 
strips of a different color on the strip in question. Next, 
the teacher asked how many pieces like the third step could 
be made out of the sixth step and demonstrated that three 
5teps like the first one made up the third step, and two 
steps like the third one made up the sixth step; therefore 
three units taken two times equals six. The extra felt 
pieces were then removed, and Ss were asked to take turns 
adding steps seven through ten (1 x 7 to 1 x 10 inches) to 
the stairway. Finally, the teacher asked Ss in turn how 
many steps like the first one could be made out of the 
various steps, both with the steps as a stairway and in 
random order. 

If any S responded incorrectly, he was immediately 
given extra training on that step and allowed to correct his 
error. 

Additive composition of classes (ACQ group training . 
For the first part, round yellow wooden beads, round green 
wooden beads, and blue square wooden beads were used (see 
Appendix V) . Different proportions of the two colors of 
round beads were presented, and Ss, in turn, were asked 
questions such as, "Are there more green beads ox more round 
beads?" or "Are there more yellow beads or more round beads?" 
Responses were checked by placing the beads in question in a 
notched wooden rectangle for comparison. Ss were then asked 
what colors a ne klace made of round wooden beads would be 
and whether a necklace of round beads or one of green beads 
would be longer. Responses were checked by putting the 
beads on a wire for comparison. Ss were then asked to focus 
attention on round beads and wooden beads, and the same pro- 
cedure was carried out comparing the number of beads having 
these dimensions. 
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For the second part, orr-mqe wooden rhythm sticks, blue 
woodr?n rhythm sticks, and blue wooden blocks were used. First, 
Ss were given different proportions of the two colors of 
. sticks and were asked questions comparing the number of a 
particular color of sticks with the number of wooden ones. 
Answers were checked by lining the sticks up, first those of 
the color in question and then all the wooden ones. The 
blocks were added later and Ss were asked whether there were 
more blue things or more wooden things. Ss in the groups 
took turns answering the above questions. Any S who re- 
sponded incorrectly was immediately given additTonal train- 
ing and allowed to correct his error. 



Final posttests 



The six final posttests, identical to the six pretests, 
were administered in two different sessions to the individual 
Ss. One week after Ss from a particular classroom had rece- 
ived DO training, they received the DQ, Corr, and CQ final 
posttests. The control Ss from the same classes also rece- 
ived these posttests at this time. Likewise, one week after 
O, C, and ACC training were completed, both experimental and 
control Ss from each particular classroom received the 0, C, 
and ACC final posttests. However, in some cases due to Ss' 
absences and classroom priorities there was as much as a~* 
three-week delay between the last training session and final 
posttests. 



Results 



The Ss' scores on the tests were computed as tie percent- 
age of the total possible correct. Figure 5.1 shows the pre- 
and posttest scores on the DQ, Corr, and CQ conservation 
tests. Figure 5.2 shows the pre- and posttest scores on the 
O, C, and ACC tests. Substantial increases are evident on 
the part of the experimental Ss over the control Ss on all 
posttests, except Corr and ACC. ~ 

Because the experimental Ss had been trained in groups 
of approximately four Ss, the analysis of covariance, with 
pretest scores as the covariate, was used to determine whether 
there were differences between performances of the experimen- 
tal and control Ss on the six posttests. Prior to the analy- 
sis, an arcsin transformation of the percentage scores was 
made. Moreover, since the F test is two-tailed and the dir- 
ection of the difference between the means of the experimental 
and control conditions is specified in the present study, the 
.10, rather than the .05, level was used for rejection of the 
null hypothesis. The analysis of covariance showed signifi- 
cant differences between the two conditions on the DQ, 0, and 
C posttests (P = 6.27, df = 1/30, E<.05; F = 1.13, df = 1/30, 
£ >.10; F = 2.81, df = 1/30, £ >.10,- F = 3.57, df = T735, p X.lO; 
F » 3.20, df = i/35, £ <.10; and F = .67, df = T735, £ >.lO for 
the DQ, Corr, CQ, 0, C, and ACC posttests respectively) . 
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Figure 5,2 Performance of the two treatment groups 
on the 0, C, and ACC pre- and posttests. 
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Furthermore, a repeated measure analysis of variance of 
the transformed pretest scores for all Ss was used to deter- 
mine which of the six pretests were easier. The means of 
the six pretests were .42, .49, .16, .34, .22, and .44 for 
the DQ, Corr, CQ, 0, C, and ACC respectively. The analysis 
showed the pretests differed significantly in difficulty 
(P = 13.04, df » 5/185, £<.0l). Multiple comparisons were 
made by means of the Newman-Keuls method at the .05 level. 
Table 5.1 illustrates which tests differed significantly 

Table 5.1 

Significant differences 
between performance on the six pretests. 



Pretests Corr ACC DQ O C CQ 

Mean .49 .44 .42 .34 .22 .16 

Corr .49 * ★ 

ACC .44 ♦ ★ 

DQ .42 ♦ ★ 

0 .34 ♦ 

C .22 

CQ .16 



<.05 



from the others. Ss* performance on the Corr, ACC, and DQ 
pretests was significantly higher than performance on the C 
and CQ posttests. Moreover, performance on the 0 pretest 
was significantly better than the CQ pretest. All other 
differences were nonsignificant. 

The Pearson product-moment correlation coefficient was 
used to examine the relationships among the six pretests. 
Table 5.2 shows the correlation coefficients between tests. 
Only the three conservation pretests, DQ, Corr, and CQ were 
significantly related. 

Moreover, the Pearson product-moment correlation coef- 
ficient was used to determine the relationship between pre- 
test scores and individual difference, such as IQ, MA, and 
CQ. Table 5.3 shows the relationships among these variables. 
Performances on the Corr and 0 pretests were found to be 
related to MA. No other significant relationships were 
found* 
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Table 5.2 

Relationships among the six Piagetian pretests. 



Pretests DQ 


Corr CQ 


0 


C 


ACC 


DO 


.70** .65** 


.22 


.00 


-.14 


Corr 


.52** 


.25 


.06 


-.22 


CO 




.13 


.28 


-.08 


0 






.02 


-.04 


C 








.08 


ACC 










** £<-01, df = 


36 

Table 5.3 









Relationships between the 
six Piagetian pretests and IQ, MA, and CA. 



Pretests 





DQ 


Corr 


CQ 


0 


C 


ACC 


IQ 


.06 


.04 


.11 


-.09 


.27 


-.10 


MA 


.25 


.33* 


.22 


.40* 


.18 


-.12 


CA 


-.02 


.14 


.07 


.22 


-.02 


-.04 



♦ £<.05, df = 34 



The Pearson product^moment correlation coefficient was 
also used to determine whether amount of inqprovement from 
pre- to posttest for the Ss who received training was re- 
lated to individual dlffeTences, such as IQ, MA, CA, or 
pretest score. Table 5.4 shows the correlation coefficients 
between these variables. Only amount of improvement on the 
DQ test and CA were positively related. On the other hand, 
improvement on all tests, except CQ, and pretest scores were 
negatively related. No other significant relationships were 
found# 
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Table 5.4 



Relationships between test improvement 
from pre- to posttest and individual 
differences for Ss who received training. 



Test 
Improvement 


IQ 


MA 


CA 


Pretest 
score 


DO 


-.06 


.37 


.56* 


-.63** 


Corr 


-.19 


-.08 


.28 


-.52* 


CQ 


-.31 


.33 


.46 


-.38 


0 


.26 


-.17 


-.20 


-.58** 


C 


-.27 


.03 


.14 


-.63** 


ACC 


.43 


.29 


.05 


-.55* 



* £<.05, df = 15, 17 
** E<.01, df = 15, 17 



The three conservation tests, DQ, Corr, and CQ, also 
Included a confrontation question asked after some amount 
was added to one of the two quantities so they were no 
longer equivalent. Tables 5.5, 5.6, and 5.7 show the number 
of experimental and control Ss who passed this question, i.e. 
responded correctly that the quantities were no longer equal. 
The test was used to determine whether there was a differ- 
ence in the proportion of experimental and control Ss who 
passed this question. No difference (p>.05) was found be- 
tween the experimental and control Ss Tx2 = 2.00, .97, and 
1.46 for the DQ, Corr, and CQ posttest respectively). 



Table 5.5 



Number of experimental and control Ss who 
passed the confrontation question on the DQ posttest. 
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Table 5.6 



Number of experimental and control Ss who 
passed the confrontation question on the Corr posttest. 



Experimental Control Total 

Pass 16 16 32 

Fail 1 0 1 

Total 17 16 33 



Table 5.7 

Number of experimental and control Ss who 
passed the confrontation question on the CQ posttest. 



Experimental Control Total 

Pass 11 7 18 

Fail 6 9 15 

Total 17 16 33 



Discussion 

Differences between performances by the experimental and 
control groups were found on the DQ, 0, and C posttests, in- 
dicating that the DQ, 0, and C group training procedures were 
effective. These eaqperimental Ss, unlike those in the pre- 
vious experiments, were not run to criterion and had to wait 
for their turn to participate; yet, these three group train- 
ing procedures, particularly the DQ, were effective. On the 
other hand, although the ACC training procedure appeared to 
have been one of the most facilitating in Experiments II and 
IV, no significant difference was found between the experi- 
mental and control Ss on the ACC posttest. 

It must be noted, however, that the circumstances under 
which training took place were rather unusual. There were 
several conditions in some groups which were detrimental to 
maximum training benefits. First, it was extremely difficult 
to keep the attention of all Ss in the experimental condition. 
Particularly when Ss consistently failed, the length of time 
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between turns was rather long, and S's attention natur- 
ally wandered. Consequently, on these occasions, little 
learning took place through observation. Moreover, because 
training took place in classrooms with ongoing distractions, 
some Ss became Interested in the activities of the control 
Ss, even to the point of wandering away from the experimental 
situation, especially on ACC training, m addition, two 
groups were disrupted by the behavior of children who delib- 
erately refused to follow instructions or otherwise mis- 
behaved. Consequently, in view of the above problems, it is 
surprising that any group procedures were effective. 

In order to eliminate some of the above problems, it 
was suggested by some teachers that the number of Ss within 
a group be reduced to two. They felt this would serve to 
reduce the amount of time between turns and, consequently, 
maintain attention, of course, this meant twice as many 
sessions would have been needed and, as it was, a few 
teachers were reluctant to participate because of the time 
commitment. Moreover, the teachers felt that if larger 
groups were desired, they would be more able to pick out 
groups of children who would work well together. Because of 
the experimental design of the present study, however, it 
was necessary that Ss be randomly assigned to groups, and, 
consequently, the constitution of all groups was not ideal. 
In addition, the teachers felt that it would be easier to 
work with children who were comparable in ability since much 
time was spent correcting the errors of slower children 
while the brighter children sat idly by. This problem, of 
course, never occurred in individualized training since the 
slower Ss would merely receive more training until criter- 
ion was reached. 

The added confrontation question on the conservation 
tests did not allow distinction between the experimental and 
control Ss. The question appeared much too simple since 
inspection of the data showed that even Ss who were non- 
conseirvers answered the confrontation question correctly. 
Consequently, this question did not appear useful in distin- 
guishing nonconservers from conservers. 

The pretests in the present study, as in the previous 
ones, differed in difficulty. The order of difficulty of 
the pretests was Corr, ACC, DQ, 0, C, and CQ in the present 
study. The order of these same pretests for educable Ss in 
Experiment IV was Corr, 0, DQ, ACC, C, and CQ. It appears 
that the Corr pretest is the easiest whereas the C and CQ 
pretests are the most difficult for educable Ss who are low 
or intermediate in cognitive development. Again, however, 
it must be noted that the difficulty of the test may depend 
upon the type of materials used for testing. This view is 
supported by evidence in Experiment II that the ACC test 
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using felt squares (see Appendix I) was extremely difficult. 
When this test was modified so that the only difference was 
the change in materials from felt squares to drawings of 
children (see Appendix J) , the ACC test appeared to be quite 
easy as demonstrated by the results of Experiments IV and V. 

Furthermore, the results of the present study, as those 
of the previous ones, also showed strong relationships among 
the three conservation tasks, DQ, Corr, and CQ. However, 
unlike Experiments II and IVa, no other relationships were 
found. 

Performances on the Corr and 0 pretests only were found 
to be related to MA. Again, fewer relationships than ex- 
pected, in accordance with previous results, were found be- 
tween pretest scor-s and MA. On the other hand, as hypothe- 
sized, pretest scores were generally negatively related to 
amount of test improvement. 

In summary, the DQ, 0, and C group training procedures 
were effective, supporting hypotheses a, b, and c, whereas 
the ACC procedure was not. Considering the problems encount- 
ered, however, the above results are rather encouraging and 
indicate that, with minor changes, the group training pro- 
cedures may be highly effective. Hypothesis e, performance 
on the pretests is related to MA, was only partially supported 
for the Corr and 0 pretests. Finally, hypothesis f, effect- 
iveness of training is negatively related to pretest scores, 
was generally supported. 
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SUMMARY AND CONCLUSIONS 



Oblectives of the project 

The primary objective of this project was to develop 
remedial procedures and materials for children with learn- 
ing deficits in the area of arithmetic. Piaget's descrip- 
tion of the stages in the development of conservation and 
various operations related to number understanding was 
used to assess the extent of retardates' cognitive func- 
tioning. That is, tests adapted from Piaget's clinical 
method were used as standardized procedures to assess 
retardates' functioring in areas such as conservation, or- 
dination, cardination, and classification. 

In addition., standardized training procedures were 
devised in-order to facilitate development of the above 
operations related to number readiness. These procedures 
included features, such as manipulation of objects and 
introduction of conflict, which other investigators thought 
wero instrumental to success. Moreover, additional feat- 
ures » such as individual programming, knowledge of results, 
and tr-.ining to criterion were included. These training 
procedures were specifically developed to facilitate conser- 
vation, ordination, cardination, and classification. Ex- 
periments i-V were designed to examine the extent of facil- 
itation of the above training procedures. 

Summary of Experiments I-V 

Experiment l. The Acquisition of Conservation of 
Quantit y by Retarded Children . Experiment I was designed to 
determine whether educable retardates could be taught to 
conserve quantity. At the time this study was designed, no 
studies to this investigator's knowledge had attempted to 
facilitate conservation in retardates. Moreover, studies 
with normal children yielded mixed results, and investiga- 
tors such as Kohlberg (1968) were quite pessimistic about 
the effects of training. Consequently, the first study was 
limited to conservation training, Ss' abilities on three 
types of conservation — discontinuou's quantity (DQ) , corres- 
pondence (Corr) , and continuous quantity (CQ) — were tested. 
Ss who showed poor performance on two of the above three 
tests were randomly assigned to the DQ training, Corr train- 
ing, CQ training, control, or control language group. After 
training, the same three tests were administered as posttests. 

The results indicated that Ss who received training were 
generally superior to the controT Ss on posttests of all 
three types of conservation. This""meant that training on one 
type of conservation not only was successful in facilitating 
performance on the test directly related to it, but also 
showed transfer to performance on the other tests. 
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other findings showed that performance on the pretests 
^ere related to MA, as well as CA. Moreover, the amount of 
Improvement after training was negatively related to perform- 
ance on the pretest and was unrelated to individual differ- 
ences, such as TO, MA, and CA. The results of Experiment I 
were very encouraqiny and led to a more ambitious undertaking. 
Experiment II, 

Experiment II. The Acquisition of Conservation, Ordin - 
ation, Cardination, and Classification by Educable Retardates > 
Experiment II was designed to determine whether it was pos- 
sible to facilitate ordination, cardination, and classifica- 
tion, as well as conservation, in educable retardates. Educ- 
able retarded Ss were tested on discontinuous quantity (DQ) 
conservation, correspondence (Corr) , continuous quantity (CQ) 
conservation, ordination (0), cardination (C) , and additive 
composition of classes (ACC) . The order of difficulty of the 
tests was DQ, Corr, CQ, C, 0, and ACC. Ss who demonstrated 
poor performance on all pretests were assigned to level three. 
Ss who performed well on the conservation pretests, but failed 
either 0 or C, or both, and ACC were assigned to level two. 
Finally Ss who performed well on all tests except ACC were 
assigned to level one. Ss in each level were randomly assign- 
ed either to an experimental or control condition. The ex- 
perimental Ss in level three were given DQ, Corr, 0, C, and 
ACC training. The experimental Ss in level two were given O, 
C, and ACC training. The* experimental Ss in level one were 
given ACC training only. The control Ss within each level 
received play sessions with clay equal**to the average number 
of sessions the experimental Ss within that level spent in 
training. 

The results of Experiment II indicated that the DQ, 0, 
and ACC training procedures were highly effective at level 
three since the experimental group was significantly superior 
to the control group and performed as well as level one on 
these posttests. Corr and CO effectiveness was questionable. 
At level two, the 0 and ACC training procedures were effect- 
ive, whereas C was not. At level one, moreover, the ACC 
training procedure was effective. Of the five training pro- 
cedures examined, DQ, 0, and ACC appeared the most effective. 

Further results in Experiment II indicated that perform- 
ance on all pretests, except ACC, was related to both MA and 
CA. Moreover, the amount of improvement was negatively re- 
lated to pretest scores, although unrelated to individual 
differences such as IQ, MA, and CA. It appears that training 
effectiveness was not selectively beneficial to certain Ss, 
depending upon their IQs or CAs. Rather, training was gener- 
ally beneficial, and amount of improvement depended more on 
how much improvement was possible, i.e., S's performance on 
the pretests. Moreover, the ACC test appeared to be the most 
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difficult of the six pretests* Finally, results of tests of 
arithmetic achievement were inconclusive. 



Experiment III. The Acquisition of Quantity by Insti -- 
tutlonalized Retardates . Experiment III was carried out in 
an attempt to determine whether the training procedures 
developed would be successful with populations other than 
educable retarded Ss. Consequently, Experiment I with some 
modifications was replicated with a sample of institutional-- 
Ized retardates. These Ss consisted of both educable and 
trainable retardates who were given DQ, Corr, and CQ con- 
servation pretests* All Ss who failed at least two of the 
pretests were randomly assigned to the DQ training, Corr 
training, CQ training, or control group. The control group 
in Experiment III, unlike Experiment I, used the same mater-* 
ials and were asked the same types of questions as the OQ 
training group. The only difference between the groups was 
that reversals of the transformation to its original state 
were never carried out for the control group. 

The results showed that on the DQ posttest there were 
no significant differences found among groups. It appeared 
that the control group showed an increase on the DQ post- 
test indicating that the control sessions using the DQ train- 
ing materials without reversals was also of benefit. On the 
Corr and CQ tests, however, all three training groups were 
superior to the control group. The latter finding indicates 
that, although the control treatment facilitated the control 
group's performance on the DQ test, no transfer occurred to 
the other tests. On the other hand, the DQ, Corr, and CQ 
groups all showed transfer to tests not directly related to 
their training. The results of this study indicate that the 
effects of training are nut limited to educable Ss in spe- 
cial education classes. Institutionalized retardates, whose 
average IQs were lower and OAs were higher, also showed 
facilitation. 

Experiment IV. The Effectiveness of Conservation^ Ord- 
ination, Cardlnatlon, and Classification Training Procedures 
with Educable and Trainable Retardates . Experiment IV was 
designed to examine the effectiveness of the DQ, 0, C, and 
AGO training procedures used in Experiment II with trainable, 
as well as educable, Ss. Furthermore, this study was de- 
signed to determine whether these individualized training 
procedures were effective enough to be further developed as 
group training procedures. Educable and trainable Ss were 
randomly assigned to four treatment groups— DQ training, 
O&C training, ACC training, and a control. 

For the educable Ss, all training groups were signifi- 
cantly superior to the^control group on the tests directly 
related to their t^^aining. In addition, the DQ training 



group showed transfer to the CQ posttest, and both the DQ and 
ACC training groups showed transfer to the 0 posttest. Data 
from the educable Ss also showed positive relationships be- 
tween pretest scores and MA and negative relationships between 
pretest scores and amount of improvement after training. Fin- 
ally, delayed posttests, given approximately six months after 
the final posttests, showed a decrement only on the DQ post- 
test. No decrement was found on the 0, C, and ACC delayed 
posttests. 

For the trainable Ss, on the other hand, the results 
were somewhat disappointing. Only ACC training was effective 
since only the ACC training group was significantly superior 
to the control group, as well as the other training groups. 
Furthermore, no relationships were found between pretest per- 
formance and MA, although negative relationships were found 
between performance on four of the pretests and amount of 
improvement after training. 

Experiment V. The Use of Group Procedures in Conserva - 
tion, OrdlnatlonT Cardination, and Classification Training 

Retardates. For Experiment V, the DQ, 0, C, and 
ACC Individualized training procedures which were highly 
effective for educable Ss in Experiment IV were modifiec' so 
that several Ss, instead of one, could be trained simultane- 
ously. The group training procedures were developed in re- 
sponse to some teachers' comments that they seldom had time 
in the classroom to work with one child for the required 
length of time. Educable Ss were assigned to an experimental 
condition, which received training on DQ, o, C, and ACC, and 
to a control condition. 

The results indicated that the DQ, o, and C group train- 
ing procedures were successful. The use of group procedures, 
nowever, led to problems arising from bringing several child- 
ren together to work on a task. For example, on occasions 
when one S was very slow at taking his turn, the other Ss 
were bored, in addition, since the experimental groups~were 
run in the classrooms while the control Ss and other members 
of the class were engaged in telling stories, watching educa- 
tional television, etc., some of the experimental Ss prefer- 

.^2^ activity. Consequently, it was su7prislng 

that the group training procedures were as successful as they 
were. Teachers' recommendations to remedy these problems 
were to decrease the number of children per group and to 
train children of similar ability within the same group. 

Conclusions and Implications 

4-u 4- yj}®.>^esults of this research project have demonstrated 

i possible to accelerate cognitive development in 
retarded children by means of particular training procedures. 
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These training procedures, which focused upon operations 
related to number readiness, such as conservation, ordin- 
ation cardination, and classification, incorporated 
features which are believed instrumental to the success of 
training* These features for the individualized training 
sessions were individualized programming, knowledge of 
results, and training to criterion. The first two, indivi- 
dualized programming and knowledge of results, are closely 
related. In the designing of the training procedures in 
this series of studies, it was decided to take care of each 
error as it occurred* Immediately after S made an error, he 
was given extra training on the particular- step which he had 
failed. The extra training both pointed out his error and 
allowed him to correct it. Furthermore, to insure the ef- 
fectiveness of training, all Ss were run to criterion; that 
is, the training tasks were readministered until Ss res- 
ponded correctly and no longer needed any extra tr-aining. 
The group training procedures, however, indicate that some 
success may also be achieved without training to criterion. 

The results of this project generally showed positive 
relationships between pretest scores and MA. On the other 
hand, no relationships were found between amount of improve- 
ment after training and MA. Negative relationships, however, 
were consistently found between performance on the pretest 
and amount of improvement after training. The last results 
are in contrast to those obtained by Inhelder Sinclair 
(1969) who found that training effects vary with ^s* initial 
developmental level. The general lack of relationships be- 
tween improvement after training and individual differences 
such as IQ, MA, and CA, as well as the consistent negative 
relationship between improvement and pretest scores, indi- 
cate that the present training procedures were generally 
effective regardless of individual differences. It appears 
that the amount of improvement after training is limited 
primarily because of Ss* performance on the pretest; that is, 
the higher Ss* pretest score, the less improvement possible. 
The results"*of Experiment ivb with retardates, however, 
suggest that there may also be some limitation on training 
effectiveness for Ss with low IQs. More research is neces- 
sary before a more definite statement about training effects 
with trainable retardates can be made. 

Inhelder & Sinclair (1969) also found that ACC training 
effects transfered to performance on conservation tasks. In 
Experiment IV which examined transfer effects, as well as 
facilitative effects of the DQ, 0, C, and ACC training pro- 
cedures, no transfer of ACC training to performance on the 
conservation posttests was found. Both the DQ and ACC train- 
ing procedures, however, facilitated performance on the 0 
pretest. Furthermore, training on one type of conservation 
generally showed transfer to the other types of conservation. 



Examinations of the relationships between performance on 
the pretests showed strong correlations between the DQ, Corr, 
and CQ pretests. Experiment II which included the largest 
number of Ss^ having a broader range of scores than Ss in the 
other studies, showed significant positive intercorrelations 
between all tests, except ACC, Performance on the ACC pre- 
test appeared to be negatively related to performance on the 
conservation, as well as O, pretests. 

Differences were also found in Ss' performance on the 
six pretests, DQ, Corr, CQ, 0, C, and ACC. These differences, 
however, may result from the types of materials used. Evi- 
dence for this view comes from the apparent difference in 
difficulty with a change in materials for the ACC test. At 
first, the materials used were different colored felt squares 
which made up the class of cloth (see Appendix I). Because 
it was felt that the concept of cloth might not be familiar 
to trainable Ss, the materials were changed to drawings of 
boys and girls which made up the class of children (see Appen- 
dix J). On Experiment II, the extreme difficulty of the 
classification test with cloth was obvious; whereas on Exper- 
iment IV the classification test with children was one of the 
easiest of the six pretests. The only difference between the 
two tests was the materials; exactly the same questions were 
asked in the same order on both tests. Consequently, it 
appears that S's familiarity with the materials used on the 
test may be a large factor in determining the child's per- 
formance on it. 

The pragmatic implications of this project for teachers 
naturally must be considered with some caution. First of all, 
this series of studies did not provide conclusive evidence 
that training facilitated ability in arithmetic. To obtain 
evidence of this nature, longitudinal studies with rather large 
numbers of children should be carried out. Large numbers 
would be necessary since, particularly in special education 
classes, the population of Ss is not stable and, over a period 
of time, there is a loss of Ss within a particular school. 
Furthermore, although the trained abilities, such as conser- 
vation, are considered necessary for number readiness, it is 
not yet known whether they are sufficient conditions for 
higher performance in arithmetic, it is the present investi- 
gator's view that, if the teacher first makes certain that 
the child does well on conservation, ordination, cardination, 
and perhaps classification, tasks, it will be much easier to 
teach him arithmetic. That is, a program including training 
in the above operations and then comprehensive training in 
mathematics would probably yield the best results. 
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Appendix W 

Analyses Summary Tables for Experiments I-V 



Table I.l. Stunmary of analysis of covariance of the trans- 
formed performance scores for the five treatment groups on DQ. 



Source 


df 


MS 


F 


To+.al 


43 






Within 


44 


434.02 




Treatments 


4 


0404.45 


14.76** 



Table 1.2. Sunuaary of analysis of covariance of the trans- 
formed performance scores for the five treatment groups on 
Corr. 



Source 


df 


MS 


F 


Total 


43 






Within 


44 


330.09 




Treatments 


4 


1661.03 


4.37** 



<.01 



Table 1.3. Siimmary of analysis of covariance of the trans*- 
formed performance scores for the five treatment groups on CQ. 



Source 


df 


MS 


F 


Total 


43 






Within 


44 


993.39 




Treatments 


4 


7534.21 


7.53** 


**p<.01 
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Table 1,4. S\inunary of analysis of covariance of the trans- 
formed weighted means of the three posttests for the five 
treatment groups. 



Source df HB 



Total 4S 

Within 44 221.36 

Treatments 4 3034.54 13.71** 

**p < .01 ' ~ — 

Table 1.5. Summary of repeated measures analysis of variance 
of the transformed scores for the three pretests. 



Source df MS 



Between 49 
Within 100 

Pretests 2 5267.72 15.49=« 

Residual % 340.06 

Total 149 

5^ 



p<.ul 



Table II. 1. Summary of treatment x levels analysis of var- 
iance, adjusted for disproportionate numbers, of the trans- 
formed DQ posttest scores for the two treatment groups. 



Source df IE F 

Treatments 1 10439.90 50.92** 

Levels 2 6273.36 30.60** 

Interaction 2 5922.04 2g.8d** 

Within 65 205.04 

Total 70 

**p < .01 
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Table II. 2. Summary of treatment x levels analysis of var- 
iance, adjusted for disproportionate numbers, of the trans- 
formed Corr posttest scores for the two treatment groups. 



Source 


df 


MS 


F 


Treatments 


1 


3595. 2d 


22.12** 


Levels 


2 


5792. SO 


35.64** 


Interaction 


2 


947.38 


5. S3** 


Within 


66 


162.54 


rotal 


71 





**p 4 .01 

Table II. 3. Nummary of treatment x levels analysis of var- 
iance, adjusted for disproportionate numbers^ of the trans- 
formed CQ posttest scores for the t*-^ treatment groups. 



Source df MS F 

Treatments 1 14540.13 41.73** 

Levels 2 6970.55 20.00** 

Interaction 2 5700.20 16.36** 

Withiii 65 34S.45 

Total 70 

**P<.01 



Table II. 4. Summary of treatment x levels analysis of var- 
iance, adjusted for disproportionate numbers, of the trans- 
formed 0 posttest scores for the two treatment groups. 



Source 


df 




F 


Treatments 


1 


4378.91 


17.67** 


Levels 


2 


2216,67 


S.95** 


Interaction 


2 


191.41 


.77 


Within 


65 


247.61 


Total 


70 







**p^.01 
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Table II. 5. nummary of troatment x levels analysis of var- 
iance, adjusted for disproportionate numbers, of the trans- 
formed C posttest scores for the two treatment groups. 



Source 


df 




F 


Treatments 


1 


3955.19 


11 .00** 


Levels 


2 


79S7.12 


22.22** 


Interaction 


2 


941.07 


2.62 


Within 


65 


359.46 




Total 


70 







**p I .oi 



Table II. 6, Summary of treatment x levels analysis of var- 
iance, adjusted for disproportionate numbers, of the trans- 
formed ACC posttest scores for the two treatment groups. 



Source 


df 


m 


F 


Treatments 


1 


56919.70 


292.4s** 


Levels 


2 


564.22 


2.90 


Interaction 


2 


263.44 


1.35 


Within 


65 


194.61 




Total 


70 







**p < .01 



Table II. 7. Summary of repeated measures analysis of var- 
iance of the transformed performance scores for the six pre- 
tests. 



Source d£ VB f 



Between 70 
Within 355 

Pretests 5 9316.04 19.27** 

Residual 350 4^3. 4S 

Total 425 



**p < .01 
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Table III.l. Sumaary of analysis of covariance of the trans- 
formed performance scores for the four treatment groups on DQ 



Source 


df 




F 


Total 


34 






Within 


31 


427. S3 




Treatments 


3 


941.75 


2.20 



Table III. 2. Sximmary of analysis of covariance of the trans- 
formed performance scores for the four treatment groups on 
Corr. 



Source 


df 


MS 


F 


Total 


34 






Within 


31 


334.95 




Treatments 


3 


1535.30 


4.5S** 



^'S^p^.Ol 



Table III. 3. Summary of analysis of covariance of the trans- 
formed performance scores for the four treatment groups on CQ. 



Source 


df 


US 


F 


Total 


34 






Within 


31 


734.47 




Treatments 


3 


3340.00 


4.55*- 



**p^ .01 



Table III. 4. Surnmary of analysis of covariance of the trans- 
fonned weighted means of the three posttests for the four 
treatment groups. 



Source df MS 



Total 34 

Within 31 25^.77 

Treatments 3 1352.85 5.23** 



Table III. 5. Summary of repeated measures analysis of var- 
iance of the transformed performance scores for tiie three 
pretests. 



Source df J© F 



Between 35 
Within 72 

Pretests 2 2287.00 6.72** 

Residual 70 340.43 

Total 107 



Table IV. 1. Summary of analysis of covariance of the trans- 
formed performance scores for the four treatment groups on DQ. 




Source df F 



Total 63 

Within 60 628.23 

Treatments 3 226,'. 78 3.61* 

*p < .05 
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Table IV. 2. Summary of analysis of covariance of the trans- 
formed performance scores for the four treatment grouos on 
Corr. 



Source 


df 


m 


F 


Total 


63 






Within 


60 


260.44 




Treatments 


3 


441.50 


1.70 



Table IV,3. Summary of analysis of covariance of the trans- 
formed performance scores for the four treatmrait groi:^s on CQ. 



Source 


df 




F 


Total 


63 






Within 


60 






Treatments 


3 




3.49* 



*P< .05 



Table IV. 4. Summary of analysis of covariance of the trans- 
formed performance scores for the four treatment groups on 0. 



Source 


df 


m 


F 


Total 


63 






Within 


60 


406.65 




Treatm^ts 


3 


1941.77 
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Table IV. 5, Summary of analysis of covariance of the trans- 
formed performance scores for the four treatment groups on C 



ERIC 



Source 


df 


m 


F 


Total 








Within 


60 


594.59 




Treatments 


3 


3107.65 


5.23** 



Table IV. 6. Suarmary of anaLlysis of covariance of the trans- 
formed performance scores for the four treatment groups on 



Source 


df 


m 


F 


Total 


P 






Within 


60 


255.77 




Treatments 


3 


2599.S6 


10.17** 



Table IV. 7. Sianmary of r seated measures analysis of var- 
iance of the transformed perfoinance scores for the six pre- 
tests. 



Source df HB 



Between 64 
Within 325 

Pretest 5 4542.61 9.40** 

Residual 320 4^3.09 
Total 3S9 
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Table IV. 8. Summary of analysis of covariance of the trans- 
formed performance scores for the four treatment groups on DQ 



Source 


df 


m 


F 


Total 


26 






Within 


23 


568.21 




Treatm^ts 


3 


772.58 


1.36 



Table IV. 9. Summary of analysis of covariance of the trans- 
formed performance scores for the four treatment grou»s on 
Corr. ^ 



Source 


df 


MS 


F 


Total 


26 






Within 


23 


220.55 




Treatments 


3 


914.13 


4.14* 



Table IV. 10. Sumaary of analysis of covariance of the trans- 
f omed performance scores for the f o\ir treatment groups on 



Source 


df 


m 


F 


Between 


26 






Within 


23 


1044.32 




Treatments 


3 


3559.25 


3.41- 
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Table IV.ll. Suaaary of analysis of covariance of the trans- 
formed perforaance scores for the four treatment groins on 0. 



Source df MS 



Between 26 

Within 23 501.23 

Treatments 3 IO67.OI 2,13 



l^^J^'H' of analysis of covariance of the trans- 

formed perforaance scores for the four treatment groiq>s on C. 



Source df VB 



Between 26 

Within 23 412.15 

Treatments 3 7^7.95 1.91 



Table IV.I3. Summary of analysis of covariance of the trans- 
formed performance scores for the four treatment groups on 



Source <?* MS F 

Between 26 

Within 23 224.15 

Treatments 3 1695.30 7.56** 



p<.or 
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Table IV. I4. SuBmary of repeated measures analysis of var- 
iance of the transformed performance scores for the six nre 
tests. ^ 



Source df MS 



Between 27 
Within 140 

Posttests 5 1666 M 3.61** 

Residual 135 516.92 



Total 167 
**p < .01 



Table V.l. Summary of analysis of covariance of the trans- 
formed performance scores for the two treatment conditions 
on DQ. 



Source 


df 


m 


F 


Total 

Within 

Treatments 


31 

30 
1 


735.32 
4610.09 


6.27* 



Table V.2. Summary of analysis of covariance of the trans- 
formed performance scores for the two treatment conditions 
on Corr, 



Source 


df 


m 


F 


Total 

Within 

Treatments 


31 

30 
1 


407.37 
461.03 


1.13 



293 

ERIC 



Table V.3. Summary of analysis of covariance of the trans- 
formed performance scores for the two treatment conditions 
on CQ. 



Source df M3 



Total 31 

Within 30 136^.40 

Treatments 1 3^47.60 2.61 



Table V.4. Summary of analysis of covariance of the trans- 
formed performance scores for the two treatment conditions 
on 0. 



Source 


df 


ICS 


F 


Total 


36 






Within 


35 


457.27 




Treatments 


1 


1245.66 


3.57** 



^p<.01 

Table V.5. Summary of analysis of covariance of the trans- 
formed performance scores for the two treatment conditions 
on C. 



Source 


df 




F 


Total 


36 






Within 


35 


265.03 




Treatments 


1 


647.93 


3.20* 



*p< .05 
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Table V.6. Summary of analysis of covariance of the trans- 
formed performance scores for the two treatment conditions 
on ACC. 



Source 


df 


MS 


F 


Total 


36 






Within 


35 


219.03 


.66 


Treatments 


1 


145.71 



Table V.7. Siunmary of repeated measures analysis of var- 
iance of the trcuisformed performance scores for the six 
pretests. 



Source df MS F 



Between 37 
Within 190 

Pretest 5 4^23.39 

Residual 185 369.99 13.04** 
Total 227 



**p^ .01 
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Appendix x 

Original Data for Experiments I through v 



Key: 



(1] 
(2) 
(3) 
(4] 
(5) 
(6] 
(7] 
(8) 
(9) 
(10) 
(11] 
(12] 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21] 
(22) 
(23) 
(24) 
(2b) 
(26) 
(27] 
(28) 
(29) 
(30) 

(3i: 

(32] 
(33) 
(34) 
(35) 



Subject Number 
Sex: F = Female, M = Male 
Chronological Age 
Mental hge 

Intelligence Quotient 
DO Pretest - percentage correct 
DO Post test - percentage correct 
DQ Inmediate Posttest - percentage correct 
Corr Pretest - percentage correct 
Ccrr Posttest - percentage correct 
Corr Inmediate Posttest - percentage correct 
CQ Pretest - percentage correct 
CQ Posttest - percentage correct 
CO Immediate Posttest - percentage correct 
O Pretest - percentage correct 
Posttest - percentage correct 
Immediate Posttest - percentage correct 
Pretest - percentage correct 
Posttest - percentage correct 
Immediate Posttest - percentage correct 
ACC Pretest - percentage correct 
ACC Posttest - percentage correct 
ACC Immediate Posttest - percentage correct 
Weighted Total Pretest - percentage correct 
Weighted Total Posttest - percentage correct 
Mathematics, Form 12A (1) 
Mathematics, Form 12B 
Mathematics, Form 12A (2) 
DQ Delayed Posctest - percentage correct 
Corr Delayed Posttest - percentage correct 
CQ Delayed Posttest - percentage correct 
O Delayed Posttest - percentage correct 
C Delayed Posttest - percentage correct 
ACC Delayed Posttest - percentage correct 
Extent of Retardation: 
E a Educable 
T = Trainable 



O 
O 
C 
C 
C 
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Appendix Y 



?ilot Croup Test: Conservation, Ordination, 
Gardination, and Classification 



A group test to measure conservation, ordination, 
cardination, and classification was developed in order to 
simplify the testing of Ss. The administration of the 
individualized tests required two approximately one-half 
hour sessions for each S. It was believed that a group 
test could be used to a^inister the discontinuous quan- 
tity (DQ)r correspondence (Corr), continuous quantity 
(CQ), ordination (0), cardination (C), and additive coh^d- 
osition of classes (AcC) tests to all members of a class 
simultaneously. Consequently, items related to DQ, Corr, 
CQ, 0, C, and ACC were selected for inclusion in the group 
test* An attempt was made to keep the items similar to 
those on the individualized tests, although this was dif- 
ficult for the conservation tests. Part I consisted of 
a vocabulary test, similar to Appendix B, used to deter- 
mine whether the children understood the key words used 
in Part II. The breakdown of items on Part II was as 
follows: 

DQ - Questions 1, 2, 3, 4 
Corr - Questions 5, 6, 7, S 
CQ . Questions 9, 10, 11, 12 
0 - Questions 13, 14, 15 
C - Questions 16, 17, 18 
ACC - Questions 19, 20, 21^ 22, 

23, 24, 25, 26, 
27 

The test was given to three classrooms by their 
teacher as a pilot study in order to determine ease of 
administration. The teachers were asked to comment on any 
difficulties they encountered. The children tested were 
from two kindergarten classes (n 11 and n » 12} and one 
first grade class (n » 26). The mean chronological ages 
were 6.20 (SD = .25), 6.09 (SD = .30), and 6.97 (SD = .57) 
for the above groups respectively. 

On Part I, the vocabulary portion, comments from 
two teachers indicated that the children had difficulty 
with Questions 9, 19, axid 20. They felt these questions 
were confusing for the children. In general, however, 
the children performed well on Part I, and no further 
analyses were performed. 

On Part II, however, all three teachers felt that 
parts were extremely difficult for the children. Two 
teachers felt that Question 10 on conservation was ra<- 
ther confusing. Moreover, all three teachers agreed that 
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the questions on ordination and cardination (Questions 
13 through 18) were too difficult and confusing. Fin- 
ally, one teacher felt that the ACC questions (19-27) 
could be improved in form, since children lost track 
of where they were supposed to mark their responses. 

In order to obtain a rough index of whether the 
Items may have been appropriate, performance on each 
Item on Part II was checked against the total score. 
The lowest and highest approximately 33 per cent of the 
children were designated as the Lower (L) and Unoer (U) 
group with 17 children in each. An item analysis was 
fu^^^T ' ^^^^^ coefficient to determine whether 

the U group responded differently from the L group. The 
tables at the end of this appendix show the items on 
which the groups differed. Approximately 63 per cent 
ot the items discriminated between the U and L grouns. 
Questions 10, 15, 19, 22, 23, 26, and 27 were very dif- 
ficult (only 20 per cent or less of the 49 children 
responded correctly) and did not discriminate between 
the U and L groups. Consequently, further pilot work 
IS indicated. 



320 



Directions for Administering the 
Number Readiness Test 



PART 1 — Vocabulary 

Note to Teacher t 

As you read the directions, stop and check to see 
that each child follows you. Use an empty test booklet 
and point to the right place. Walk about the children 
to make sure they are working on the right item. If a 
child is not working on the right item, help him but do 
not give any answers. 

Make sure the children work alone and do not give 
answers aloud. This test is untimed so that each child 
will have time for each problem. If a child does not 
understand the instructions, they may be repeated. The 
children must not answer each item, but walk about to 
see that they are working on the right item. 



Instructions to Children : 

Open your book to the first page. 

Look at the first row of pictures. Which is the 
picture of the gun? It is this one. (Show in an empty 
test book.) See how it is marked? It has a big X on it. 
That is how I want you to mark the right answers to the 
questions I will ask you. 

For example, look at the next row. Mark the shoe 
by putting a big X on it like the X on the gun. 

Did you mark this one? (Point to the shoe in the 
empty booklet. Walk around to make sure everyone got it 
right. ) 

1. Here is a picture of some ladders (show child by 
holding up an empty booklet) . Mark the smallest 
ladder. . .mark the smallest ladder. 

2. In the picture above (show in the empty booklet) 
you marked the smallest ladder. Now, in this pic- 
ture (show child), mark the next smallest ladder... 
mark the next smallest ladder. 
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3. Mark the biggest ladder .mark the biggest ladder. 

4. In the picture above you marked the biggest ladder. 
Now, in this picture, mark the next biggest ladder, 
mark the next biggest ladder. 

T). Mark the shortest ladder .mark the shortest ladder 

6. Mark the next shortest ladder .. .mark the next short 
est ladder. 

7. Mark the tallest ladder .mark the tallest ladder. 

8. Mark the next tallest ladder. . .mark the next tal- 
lest ladder. 

9. See the flower by the ladder. Let us say that 
flower is in front of the row of ladders. Now find 
the ladder that is right in front of the one that 
the finger is pointing at. 

Mark the ladder right in front of the one that the 
finger is pointing at. mark the ladder right in 
front of the one that the finger is pointing at. 

10. In this picture you will see two fingers pointing 
at two ladders. 

Mark the ladder in between the ones that the two 
fingers are pointing at... mark the ladder in be- 
tween the ones that the two fingers are pointing at. 

11. Mark only teji of the balls... mark only ten of the 
balls. 

12. Mark the first ball in the row. . .mark the first 
ball in the row. 

13. Mark the last ball in the row... mark the last ball 
in the row. 

14. Mark the second ball in the row... mark the second 
ball in the row. 

15. Mark the third ball in the row... mark the third 
ball in the row. 

16t Mark the seventh ball in the row... mark the seventh 
ball in the row. 

17. Mark the ninth ball in the row... mark the ninth 
ball in the row. 
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18. Mark the tenth ball in the row, ••mark the tenth ball 
in the row, 

19. In each picture below you see two rows of balls, 

Mark the picture which shows that one row has more 
balls than the other,,, mark the picture which shows 
that one row has more balls than the other. 

20. In each picture below you see two rows of balls, 

Mark the picture which shows two rows with the 
same number of balls.., mark the picture which shows 
two rows with the same number of balls. 



PART II — Conservation^ Ordination, Cardination, and 
Classification 

Instructions to Children : 

Open your book to the page with the star on top, 

Mark the right answers with a big X just as you 
did before, 

1, Which picture has more apples than the others? 
Mark an X on the picture that has more apples than 
the others, 

2, Mark the picture that has more pencils than the 
others. , .mark the picture that has more pencils than 
the others, 

3, Mark the necklace that has more beads in it than 
the others, mark the necklace that has more beads 
than the others. 

4, Mark the glass that has more beads than the others., 
mark the glass that has more beads than the others. 

"S, Mark the picture that shows a baseball for each bat, 
mark the picture that shows a baseball for each bat. 

6. Each of the pictures shows a row of girls and a 
row of boys, 

Mark an X on the picture that has the same number of 
boys and girls... mark the picture that has the same 
number of boyf-. and girls. 
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Each of the pictures has two rows of dots. Which 
picture shows the two rows with the same number of 
dots?. Mark an X on the picture that shows the 
two rows with the same number of dots. 

Mark the picture that ha., the same number of shoes 
and stockings. . .mark the picture that has the same 
number of shoes and stockings. 

Which picture has more water in it than the others? 
Mark an X on the picture that has more water in it 
than the others. 

Mark the window that has more glass in it than the 
others. . .mark the window that has more glass in it 
than the others. 

Mark the glass that has more water than the others., 
mark the glass that has more water than the others. 

Mark the picture that shows more chalk than the 
others... the picture that shows more chalk than 
the others. 

See the stairway in the first picture— each step 
goes up (demonstrate in a test booklet) . The first 
step is marked 1, the second step is marked 2, the 
third step is marked 3, and so on up to the eighth 
step which is marked 8. The steps are marked in 
such a way because each step goes up and is the next 
biggest step (demonstrate) . 

The second picture (point) is supposed to be a stair- 
way too, but the steps are mixed up. See the first 
two steps, 1 and 2 have been marked for you. 

Now you must find Step 3 which goes up from Step 
2 and is the next biggest step. Mark 3 on that 
step. Mark a number on each step to show which 
one must go next so that each step goes up and is 
the next biggest step— just like the stairway in the 
first picture. 

Finish marking the steps so that each step goes up 
and is the next biggest one— just like the stair- 
way in the first picture, (Make sure child is 
working on the second picture. Wait until all fin- 
ish.) 

Now let's go on to the stairways at the middle of 
the page. Look at the first stairway. There is an 
X under one of the steps (point) . Now, look at the 
second stairway (point) . it does not have an X 
under any steps. 
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If you climbed up to the step with the X under it 
(point) on the first stairway and you climbed up 
the same number of steps on the second stairway 
(point) . which step would you be on in the second 
stairway? Let me say that again for you. If you 
climbed up to the step with the X under it (point) 
on the first stairway and you climbed up the same 
number of steps on the second stairway (point), 
which step would you be on? Mark an X under that 
step on the second stairway. (Make sure the 
children are working on the second stairway. Wait 
until all finish.) 

Now let*s look at the next two stairways. The 
first stairway has an X under one step. The second 
stairway does not have an X under any steps, and 
the steps are mixed up so you'll have to try to put 
the steps back, in your head, like the first stair- 
way. 

If you climbed up to the step with the X under it 
(point) on the first stairway and you climbed u£ 
the same number of steps on the second stairway 
(point), which step would you be on? 

Let me say that again for you. If you climbed up to 
the step with the X under it (point) on the first 
stairway, and you climbed u£ the same number of 
steps on the second stairway (point), which step 
would you be on? Mark an X under that step on the 
second stairway. (Make sure the children are 
working on the second stairway. Wait until all 
finish.) 

Look at the first stairway. The steps in this 
stairway are special. They are made of blocks. 
The first step is made of one block (point) . That 
is why there is the number 1 on it. The second 
step is made of two blocks (point to blocks) and 
that is why there is the number 2 on it. The third 
step is made of three blocks (point to blocks) and 
has the number 3 on it. The fourth block is made 
of four blocks (point) and has the number 4 on it, 
and so on, up to the eighth block which is made 
of eight blocks (point) and has the number 8 on it. 

Now lefs look at the second stairway. It's back- 
wards, but it's exactly as big as the first stair- 
way. You can cut the steps into blocks like the 
first stairway and get the same number of blocks 
for each step like the first stairway. 
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See the X on one step (point) of the second stair- 
way? If cut this step into blocks just as big 
as those in the first stairway, how many blocks 
would there be in it? 

Let me say that for you agajn. If we cut the step 
marked X into blocks as big as those in the first 
stairway, how many blocks would there be in the step? 
Write the number of blocks under the X on the step. 
(See that the children work on the step with X* 
Wait until all finish.) 

17. The first stairway in the next row is exactly the 
same as the ones we just talked about. It is made 
of blocks. The first step is made of one block 
(point) and that is why there is the number 1 on it. 
The second step is made of two blocks (point to 
blocks) and that is why there is the number 2 on 
it. The third block is made of three blocks (point 
to blocks) and has the number 3 on it. The fourth 
block is made of four blocks (point) and has the 
number 4 on it, and so on, up to the eighth block, 
which is made of eight blocks and has the number 8 
on it. 

All right, let's look at the second stairway. The 
steps are all mixed up, but they are exactly as 
big as the steps in the first stairway. See the 
step with an X (point) in the second stairway? 
If we cut this step into blocks just like the first 
stairway, how many blocks would there be in the 
step? Write the number of blocks under the X on 
the step* (See th?t the children work on the step 
with X. Wait until all finish.) 

18. The first stairway in the last row is like the ones 
we looked at before, except it's made of smaller 
blocks. The first step is made of one block (point) . 
That's why it has the number 1 on it. The second 
step is made o£ two blocks (point to blocks) , and 
that is why it has the number 2 on it. The third 
step is made of three blocks (point to blocks) and 

it has the number 3 on it. The fourth block is 
made of four blocks (point to blocks) and has the 
number 4 on it, and so on, up to the seventh block 
which is made of seven blocks and has the number 7 
on it (point) . 

All right, let's look at the second stairway. The 
steps are all mixed up, but they are exactly as big 
as the steps in the first stairway. See the step 
with the X (point) in the second stairway? If we 
cut this step into blocks just as big as those in 
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the first stairway, how many blocks would there be 
in the step? Write the number of blocks under the 
X on the step. (See that the children work on the 
step with X. Walt until all finish.) 



Now I*m going to ask you some questions about the pic~ 
ture at the top of the page. Under the picture notice 
there is a list of two words. The first word is "Yes" 
and the second is "No." If the answer to the question 
I ask is Yes, mark an X over the first word, "Yes." 
If the answer to the question is No, mark an X over the 
second word, "No." 

19. For example, suppose I asked you the question, "Are 
all the children in the picture girls?" The answer 
to this question is "No." Mark an X over the "No^ " 
(walk about and check that all children put an X 
over the "No." Correct all those who were wrong 
by putting an X over the "No.") 

Now I*m going to ask you some questions. Mark "Yes" 
or "No" for the answer. 



20. Are the boys children? Are the boys children? 

21. Are the girls children? Are the girls children? 

22. Are there more boys than children? 

23. If we made a row out of all the boys in the picture 
and then made a row out of all the children in the 
picture, would the row of boys be longer than the 
row of children? 



24. If all the boys went away to play marbles, would 
there be any children left? 

25. If all the girls went away to school, would there 
be any children left? 

26 • If ten more girls were put in the picture, would 
there be more girls than children? 

27. If we took all the gj rls out of the picture, would 
there be more boys than children? 
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Tables of Items 
on which the groups differed. 



Item 
1.* 



P 

U 17 
L 13 



F 
0 
4 



Per Cent 
passing 



Item 
2.* 



P 

U 15 
L 9 



F 
2 



Per Cent 
passing 



.69 



Item 
3.* 



P 

U 13 
L 5 



F 

4 
12 



Per Cent 
passing 



.55 



Item 



4.* 



P 

U 12 
L 6 



F 

5 
11 



Per Cent 
passing 



.51 



Item 
5. 



P 

U 13 
L 10 



F 
4 
7 



Per Cent 
passing 



.71 



Item 
6.* 



P 

U 11 
L 3 



F 
6 

14 



Per Cent 
passing 



.47 



Itgq 
7.* 



P 

U 14 
L 1 



F 
3 

16 



Per Cent 
passing 



.49 



Item 



P 

U 14 
L 1 



F 
3 

16 



Per Cent 
passing 



.A7 



Item 
9. 



P 

U 14 
L 9 



F 
3 



Per Cent 
passing 



.74 



Item 
10. 



P 

U 4 
L 3 



F 
13 
14 



Per Cent 
passing 



.16 
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Item 
11. 



P 

U 11 
L 6 



F 
6 
11 



Per Cent 
passing 



.51 



Item 
12. 



P 

U 14 
L 9 



F 
3 



Per Cent 
passing 



.61 



Ilea. 
13.* 



P 

U 7 
L 1 



F 
10 
16 



Per Cent 
passing 



.20 



Item 
14.* 



P 

U 14 
L 7 



F 
3 
10 



Per Cent 
passing 



.51 



Item 
15. 



P 

U 4 
L 1 



F 

13 
16 



Per Cent 
passing 



.16 



Item 
16.* 



P 

U 14 
L 3 



F 
3 

14 



Per Cent 
passing 



.43 



Item 
17.* 



P 

U 10 
L 0 



F 
7 

17 



Per Cent 
passing 



.22 



Item 
IS.* 



P 

U 7 
L 1 



F 
10 
16 



Per Cent 
passing 



.16 



Item 
19.* 



P 

U 7 
L 0 



F 
10 
17 



Per Cent 
passing 



.20 



Item 
20.* 



P 

U 6 
L 1 



F 
11 
16 



Per Cent 
passing 



.25 
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11^ Per Cent Item Per Cent 

oi r, Passing passing 

21.* P F 22. P F 

U 14 3 U 2 15 

L 3 14 L 1 16 



It^ Per Cent Item Per Cent 

oo passing passing 

23. P F 24.* P F 

U 2 15 U 10 7 

L 2 15 LI 16 



It^ Per Cent Item Per Cent 

OK ^ 15 Passi^9 passing 

25.* P F 26. P F 

U 7 10 U 1 16 

L 1 16 L 0 17 



Item Per Cent 

passing 

27. P F 

U 2 15 



LI 16 



.0^2 



=!-■ This item discriminates between the U and L grouDs 
at the ,05 level. 
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